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ABSTRACT
SURFACE CIRCULATION AND HORIZONTAL DIFFUSION
PROCESSES OF THE LOWER CHESAPEAKE BAY
Frederick Asa Hilder 
Old Dominion University, 1980 
Director: Dr. Ronald E. Johnson
A Lagrangian method utilizing clusters of four or five 
buoyed drogues is used to study the surface circulation and 
horizontal diffusion processes of the lower .Chesapeake Bay.
pThe study area encompasses some 160 km and includes the 
area north of Thimble Shoal Channel, southwest of Chesapeake 
Channel and west of the Chesapeake Bay Bridge and Tunnel. 
Eleven trials utilizing buoyed drogues were conducted in the 
time frame February to October, 1979. Four trials were 
interrupted when buoys entered neighboring channels or dis­
persed too far for tracking, so that a total of sixteen runs 
were completed on the eleven trial dates. The runs averaged 
five hours from drifter drop to recovery, with the longest 
run nine hours. Eulerian surface current and speed data 
were taken at one at-anchor station over a tidal period of 
twelve and one-half hours.
The surface current, with local wind effect removed, is 
seen to be rotary, with the direction of rotation clockwise, 
and tidally dominated. It does not appear to be
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significantly influenced by, nor an influence on, the border­
ing channels with their dominant tidally reversing currents.
A rotary current is not inconsistent with a tidally 
dominated wide estuary where Coriolis can be significant.
The possibility of Kelvin and Poincare type wave motion is 
considered.
The horizontal diffusivity, as represented by 
Richardson's neighbor diffusivity concept, appears to con­
firm the applicability of the "4/3 power law" to the study 
area. The energy dissipation rate is consistent with the 
results of other investigators.
A need is recognized for a comprehensive Lagrangian- 
Eulerian diffusion/circulation field program that would , 
permit simultaneous measurements of dye diffusion, drogue 
dispersion, currents, and tidal heights.
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A study of circulation and diffusive processes in an 
estuary invites consideration of alternative field methods.
A Langrangian approach, using for example dye or floatables, 
offers the advantages of large area coverage and the obser­
vation of actual circulatory and diffusive processes taking 
place. The primary disadvantages are the practical re­
striction of examining only horizontal motion and a time and 
space limitation in tracking the dye plume or floatables. A 
Eulerian approach, using for example current meters and 
stationary concentration measuring devices, offers the 
advantages of long-term data collection over depth. The 
primary disadvantage is the often overlooked fact that the 
results are factual only for the geographical position 
occupied. In the complex hydrodynamics of an estuary the 
processes involved can differ significantly in the space of 
a few hundred meters and a truly geographically comprehen­
sive study requires many stations. It might appear that a 
combination of Lagrangian-Eulerian techniques would be a 
straightforward solution. For circulation studies, it is 
relatively simple, both mathematically and experimentally, 
to combine the methods. For turbulence and diffusion 
studies, it is experimentally difficult and mathematically 
quite complex (Wandel and Kofoed-Hansen, 1962) to combine 
the results.
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It wac decided, therefore, to utilize a Lagrangian 
approach in this study using a buoy-drogue combination to 
examine the surface circulation and horizontal diffusion 
processes of the lower Chesapeake Bay. As opportunity per­
mitted, Eulerian data would be utilized to supplement the 
circulation portion of the study.
A question arose as to the amount of data to include 
with this report. Guidance was obtained in a carefully 
documented article by Okubo (1971)* Okubo examined 
empirical relations amongst horizontal diffusion character­
istics using data from 20 sets of dye-release experiments in 
the upper mixed layer of the sea. In his final remarks 
Okubo comments on the particular manner of data reporting 
that must be used in order to provide adequate information 
on the study of oceanic diffusion. Deleting those re­
marks pertinent only to dye-release, we have the following 
information that Okubo considered 'necessary'i
(i) velocity field; a minimum requirement is the 
mean velocity of the center of mass during the interval 
of successive observations,
(ii) initial conditions of release,
(iii) shape information,
(iv) background oceanographic conditions; the 
stability of water, etc.,
(v) wind data, sea state, etc.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3
In this study additional data (e.g., water density over 
depth) are included for the foregoing reasons.
As a final remark, a comment by Officer (1977) on 
longitudinal circulation and mixing relations in estuaries 
is offered* "We have a reasonable understanding of the 
circulation and mixing effects as averaged over a tidal 
cycle but not nearly so clear an understanding of the 
details of circulation and mixing within a tidal cycle.”
It is to be hoped that this study will add to that under­
standing.
PURPOSE OF STUDY
The purpose of the study is to*
(i) determine the surface circulation of the 
lower Chesapeake Bay and the influence, if any, of the 
bordering channels on that circulation, and
(ii) examine the horizontal diffusion processes in 
the study area.
PREVIOUS WORK - CIRCULATION
Current observations in Chesapeake Bay as recorded in 
the files of the National Ocean Survey (formerly the Coast 
and Geodetic Survey) began in the year 1845 (Haight et al, 
1930). Current tables for the use of mariners have been 
published by the National Ocean Survey and its predecessors 
since 1890, with a separate publication entitled Current 
Tables, Atlantic Coast issued in 1923. The relevant 
publication for this study is Tidal Current Tables, 1979,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Atlantic Coast of North America (U.S. National Ocean 
Survey, 1978). For the study area (Fig. 1) four secondary 
stations are listed in the Tidal Current Tables, all on the 
periphery of the study area and all referred to the Chesa­
peake Bay Entrance (36°-59«0'N, 76°-00.0'Y/) as the principle 
reference station. Although all four of the secondary sta­
tions are listed as having tidally reversing currents, two 
near channels (station 3505 near Thimble Shoal Channel and 
station 3760 near York River Entrance Channel) have the 
notation that the 'current tends to rotate clockwise'. A 
Tidal Current Chart (second edition 1973) exists for the 
upper Chesapeake Bay (lower limit of the chart is 38°-20'N) 
but none exists for the lower Chesapeake Bay.
Several articles have been published on the overall 
physical oceanography of the bay. A description of the 
tidal wave in the bay is presented by Hicks (1964), and 
general circulation patterns by Pritchard (1952, 1971).
The definitive work by Haight et al (1930) is instructive.
Several studies have been made near the entrance to 
Chesapeake Bay and the immediate offshore region known as 
the Chesapeake bight. A circulation study by Johnson (1976) 
near Cape Henry, using Lagrangian techniques, includes a set 
of drifter trajectories near the middle portion of the 
Chesapeake Bay Bridge and Tunnel. In Johnson's study the 
buoys have drag plates at 20 ft mean depth, in water of less 
than 30 ft at mean low water except when the drifters 
entered the nearby Thimble Shoal Channel where the water
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1 The study area. Depth contours are in feet.
C B B & T refers to the Chesapeake Bay Bridge 
and Tunnel.
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depth increases to 45 ft at mean low water. Although in 
the strictest sense the trajectories do not represent 
surface circulation, and Johnson notes that the motion of 
the buoys around small rises generally follows contour 
lines, the overall motion as represented by the trajectories 
indicate an elliptical traverse with clockwise rotation.
Other circulation studies in the near shore portion of 
the Chesapeake bight and in the bay entrance are presented 
by Haight (1942), Ludwick (1973)» Boicourt (1973)» and 
Ludwick and Johnson (1977)* Recent work on general circu­
lation aspects of the Chesapeake Bay include Elliott et al 
(1978)* Wang and Elliott (1978), and Wang (1979a).
Quite interesting and relevant recent work on the 
effect of wind on estuarine circulation is offered by 
Weisberg (1976), Weisberg and Sturges (1976) and Wang 
(1979b). Texts that include discussions of estuarine cir­
culation, hydrodynamics of estuaries and/or tidal dynamics 
include Officer (1976a), Ippen (1966), Dyer (1973), and 
McDowell and O'Connor (1977)*
PREVIOUS WORK - HORIZONTAL DIFFUSION
Okubo (1962) presents a general concept of relative 
horizontal diffusion processes in a turbulent oceanic field. 
Consider the two-dimensional horizontal diffusion of a 
sufficiently large amount of substance (in our case, a 
group of drifters) introduced instantaneously in a sea. The 
motion of the patch is a sort of irregular spreading,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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superimposed on an overall wandering of the center of mass. 
As noted by Okubo. the wandering motion of the center of 
mass is attributed to a combined motion of eddies whose 
sizes are large compared with the momentary size of the 
group of drifters. On the other hand, the spreading of the 
group is controlled chiefly by eddies whose sizes are 
comparable with or smaller than that of the group.
Csanady (1973) continued this line of thought with his 
discussion of 'relative' diffusion and its oceanic applica­
tions. In his development he refers to dye released either 
from a point source or a continuous plume. He notes that 
the width of a plume (in our case, the size of the group of 
drifters) grows with distance from the source. The increase 
in width of the plume moving with the center of mass may be 
attributed to 'relative diffusion'. The irregular dis­
placements of the center of mass Csanady describes as 
'meandering'. 'Absolute' diffusion would refer to the 
growth in a fixed frame of reference and would consist of 
relative diffusion and meandering.
In two discussions of some fundamental aspects of 
horizontal diffusion in the sea, (Richardson and Stommel, 
19^8f Stommel, 19^9) it is shown that the classical 
Fickian equation of diffusion does not adequately describe 
oceanic diffusion. These studies were developed from 
Richardson's (1926) original atmospheric diffusion investi­
gation. Following Officer (1976a), the Fickian diffusion 
equation is frequently expressed as
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(1)
where c is some conservative quantity expressed as a ratio 
or concentration, and K is referred to as the kinematic 
coefficient of diffusion. One dimensional diffusion (e.g., 
in the x direction) from an instantaneous source of finite 
quantity at x=0, t=0 is examined. The equation is solved, 
and the source normalized to unity to compare directly with 
the probability distributions that will be discussed.
Our final solution is
We now look at two particles at t=0 placed at x=0 and x=bQ , 
respectively. At time t the probability that these two 
particles will be a distanve b. apart is
not upon either bQ or b^. This conclusion, at variance with 
observed facts, is what led Richardson and Stommel to the 
application of Richardson's neighbor diffusivity to oceanic
/Trnct
1 -x2/4KtC  i (2)
2The mean square value x is given by
/VTTKt (3)
o
We note that PCbg.bj) depends on the quantity (b^-bQ) 2 and
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diffusion.
Officer (19?6a) further noted that using Equation 3 and 
taking the time rate of change of x2 results in
= 2 K
This asserts that dx2/dt is independent of x2. This also is 
not in accordance with observations. In oceanic studies the 
rate of spreading increases significantly with x^, showing 
the effects of larger scale turbulence as the spreading in­
creases.
In the Richardson (1926) neighbor diffusivity equation 
the independent variable x is changed to a separation 
variable 1 between any two particles. Correspondingly, we 
transform the concentration c(x) to a neighbor concentration 
q(l) by
" '- e C
q(l) = I c(x)c(x+l)dx (6)
■00
We then postulate that there is a Fickian type relation 
which we write as
bq - & 
bt |t F(1) I f ]  (?)
where F(l) is analogous to the ordinary diffusivity K and is 
referred to as the neighbor diffusivity. If F(l) is pre­
sumed to be an increasing function of 1 and identifiable 
particles such as drifters are released in pairs at an 
initial separation lo we have a means of obtaining values of 
F(l), If, after a time interval t the separation 1^ is small
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
enough such that (1^ - 10) averages only a small fraction of 
10 , F(l) in equation can be considered a constant F(l0),
The solution of equation 7 is then of the same form as 
equation 2 so that the equivalent relation to equation 5 is
?(10 ) = (1* ~1») (8)° 2t
With drifters the observations are taken successively during 
a run and the equation used is
2"
F(*(l0+ li) ) = — (9)
to obtain mean values of the neighbor diffusivity and the 
corresponding mean values of the scale of the phenomenon.
From a large number of observations in the atmosphere, 
Richardson (1926) induced that the neighbor diffusivity is 
of the form
4/3F(l) = C l  (10)
This equation became known as the "4/3 power law".
Richardson and Stommel (1948) used equation 10 in their 
widely referenced investigation using floats of parsnips and 
found the power law that fit the data as
f(i) = o.07i1,i|'
In another widely referenced article Olson and Ichiye 
(1959) used equation 10 to plot data of several investigators 
including observations on parsnips, dye spots, sheets of 
paper, drift cards and drift bottles. Plotting the log10 
F(l) vs. log1Q i(li+l0) and determining the line of a least
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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squares fit for the condition that the slope is 4/3 repre­
sents the equation
F(l) = 0.0246 1^/3 e.g.s.
The correlation over a range from 10 to 10^ cm is 0.993 and
their results are frequently quoted,
Ozmidov (1957* 1959» I960) extended the work of Richard­
son and Stommel by investigating neighbor diffusivity in a 
small basin, in the Caspian Sea and finally (Ozmidov, i960) 
in the Pacific Ocean. The results are plotted on a loga­
rithmic scale and are well fitted by a straight line which 
agrees with the ”4/3 law". The constant £  is equal to 
0.008 t 0.002 cm 2/3/sec.
Published work on neighbor diffusivity in estuaries or
near shore areas using drift material is limited. Harrison
(1963) completed a study of near shore currents off Virginia 
Beach, Virginia using drift bottles. Included is a neighbor 
diffusivity calculation. F(l) had a minimum value of 
316 cm^/sec and the coefficient £  in Equation 10 had the 
minimum value of 0.062 cm 2/ 3/ sec.
Alsaffar (1966) using circular wooden discs in a tidal 
estuary of the San Joaquin River near San Francisco Bay also 
calculated neighbor diffusivity. The least squares fit of 
the data is
F(l) = 0.0394 l1#345 (e.g.s. units)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Using 10 to lk floats, Chabert-D'Hieres and Hyacinthe 
(1967) studied diffusive properties of a tidally influenced 
region on the northern coast of France. In Equation 10 the 
value of 6* was of the order of 0.11 cm2/3/sec. Higuchi et 
al (197*0 studied tidal flow and diffusion in the Inland Sea 
of Japan and, in their opinion, confirmed the validity of 
the "4/3 law". Pyatt (1964) offers a comprehensive article 
on pollutant distribution in tidal estuaries.
The limitations of using marked drogues or similar 
floating objects for studying turbulent diffusion was noted 
by Murthy (1975) during a study using 10 sub-surface drogues 
in Lake Ontario. Floatables are constrained to move in a 
horizontal plane and respond only to the horizontal components 
of an essentially three-dimensional field. Another limita­
tion is that due to the finite physical size of drogues 
smaller scale turbulent eddies are effectively damped out and 
do not contribute to the turbulent transport and diffusion.
For these reasons and others (e.g., tracking diffi­
culties with floatables) many investigators have used dye or 
other tracers as the diffusing material. An excellent review 
article showing the results of many investigators using dye- 
release techniques is provided by Okubo (1971). Another 
review article with data from sources different from Okubo's 
is provided by Brandsma and Divoky (1976)• Both articles 
show general agreement with the "4/3 power law". A compre­
hensive paper on the evolution of dye tracer techniques in 
the study of turbulent diffusion is given by Carter and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Okubo (1978).
The use of radioactive tracers to study eddy diffusion 
in reservoirs and pipelines is offered by Parker (1961). 
Glenne and Selleck (1969) used water quality constituents 
(specifically, chlorosity and silica) to determine the 
longitudinal diffusion coefficient in San Francisco Bay.
Other relevant work is provided by Ichiye (1950, 
Batchelor (1950), Olson (1952), Orlob (1961), Csanady (1963, 
1973), Gray and Pochapsky (1964), and Fischer et al (1979)•
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2 
FIELD PROGRAM AND METHODS
THE STUDY AREA
The study area is the lower Chesapeake Bay, comprising 
the area southwest of Chesapeake Channel, north of Thimble 
Shoal Channel and west of the Chesapeake Bay Bridge and 
Tunnel (Fig. 1). The bottom is generally flat, with a mean 
depth of about seven meters at mean low water. The water 
deepens in the northeastern portion to about 1^ meters. The 
surface currents to the east of the study area at the bay 
entrance have been extensively studied as noted in Chapter 1. 
Although currents in the study area are not documented the 
circulation patterns in the bordering channels are well known.
The Chesapeake Channel is a natural channel and the 
current is considered to be tidally reversing along the 
channel axis (U.S. National Ocean Survey, 1978), Boicourt 
(1973) conducted a study of circulation near the bay mouth 
which included placing two current meters in Chesapeake 
Channel at 37°-00.^*N, 76°-02.9*W, Boicourt's study con­
firmed the presence of the oscillatory, semi-diurnal tidal 
motion in the channel. Because the directions of ebb and 
flood currents are not exactly reversing there is an in­
ferred mean lateral velocity (at least in the upper layers) 
directed from Cape Charles to Cape Henry.
The Thimble Shoal Channel is a dredged channel. The
with permission of the copyright owner. Further reproduction prohibited without permission.
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flood surface tidal current starts in a general westerly 
direction and rotates clockwise as it increases in speed. 
Near the end of the flood it is flowing nearly orthogonal 
to the channel axis, i.e., flow is in a north-northeast 
direction. The ebb surface tidal current starts in a 
general easterly direction, continuing to rotate clockwise 
as the speed increases (U.S. National Ocean Survey, 1978; 
Dozier, 1979)*
As previously mentioned, the bottom morphology is 
generally flat with two ebb delta configurations known as the 
Horseshoe and Tail of the Horseshoe. They would indicate a 
bottom ebb dominance in a general southeasterly direction.
THE DESIGN OF THE FIELD PROGRAM
In order to examine both the surface circulation and 
horizontal diffusion characteristics of the study area, a 
Lagrangian method was chosen. A group of drogued buoys was 
deployed from the research vessel HOLTON for each trial.
The position of each buoy was subsequently determined at 
irregular intervals throughout the eleven trials. The first 
trial was held on February 8 , 1979 and the final (eleventh) 
trial on October 23» 1979* The buoys were recovered at the 
end of each trial.
Trial No. 7 was completed May 9» 1979. It had become 
apparent that the dominant current was not tidally reversing 
but was of a rotary nature. An integrated study of Chesa­
peake Bay was scheduled for the summer of 1979 by a class of 
the Department of Oceanography, Old Dominion University,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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involving several at-anchor stations. One station, scheduled 
for June 28, 1979 in the study area, would permit Eulerian 
surface current data to be taken. The Eulerian data could 
be used as a partial confirmation of the rotary current, 
although, of course, only for the one geographical position.
The research vessel HOLTON is under the management con­
trol of the Department of Oceanography, Old Dominion Univer­
sity, Norfolk, Virginia. It is a steel hulled 65 foot 
diesel powered vessel with a full load displacement of 95 
long tons. Navigation equipment includes a Micrologic ML- 
100 Loran-C receiver which has a computed error of less than 
0.01 nautical mile. Repeatable bias was determined pierside 
before each trial by noting the required correction from 
actual position to receiver position. The correction was 
then applied to each Loran position during the trial.
The radar on the HOLTON is a Konel/Furuno model KRA- 
12^. The display unit is a seven inch diameter PPI. Range 
determination is by interpolation between range rings. Range 
discrimination is 25 yd on the 0 .5 nautical mile range and 
range ring error is less than one percent of maximum range in 
use. Bearing error is t 0 ,5 degrees or less and bearing 
discrimination, based on the beam width associated with the 
installed antenna, is estimated as t 1.0 degrees. Radar 
bearings are read relative to ships head.
Course direction on the HOLTON is determined by a mag­
netic steering compass. Compass compensation has not been 
accomplished in several years during which there have been
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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major shipboard equipment modifications. On March 3. 1979 
an attempt was made to determine deviation error. Compass 
heading was determined pierside and while on the range in 
the entrance channel to Little Creek Harbor. Additionally, 
while lying to in the study area, radar bearings were taken 
to fixed navigational points and compared to the charted 
position based on Loran-C. From these determinations it is 
estimated that the deviation error is - 3*5 degrees.
Based on the foregoing, if radar is used for buoy 
location the maximum distance difference error between 
buoys is $0 yd in range and 100 yd in bearing. These 
errors are orthogonal.
During the first two trials (February 8 and March 3* 
1979) buoy position determination was made by bringing the 
HOLTON alongside each buoy, allowing the Loran to stabilize, 
and then recording the position. In subsequent runs the 
radar was used for buoy position determination with the 
HOLTON position usually determined by Loran. In trial No. 9 
the HOLTON position was established by radar fixes due to 
an unstable Loran.
The time selected for the initial buoy drops was 
based on a slack water calculation for the nearest sub­
ordinate station in the tidal current table. It was not 
known a priori that a rotary current prevailed. It had been 
assumed that a tidally reversing current would exist. Thus, 
as it had been decided that for practical reasons no more 
than five buoys could be tracked, a pentagon pattern was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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selected as the drop configuration. The initial pentagon 
pattern was seldom achieved because there was, in fact, no 
slack water due to the rotary characteristic.
In order to assist in the radar tracking and identi­
fication of the buoys, transponders were attached to at 
least two buoys starting with trial No. 5» The trans­
ponders (Metrodata model BT-33) when triggered by the radar 
pulse respond with a ^03 mHz signal. This signal is 
received on a separate omni-directional antenna, converted 
to a video pulse in a Metrodata TR-10 receiver and combined 
with the input to the radar. Although no increase in 
range reception was achieved, the distinct transponder reply 
on the PPI was a definite advantage in buoy identification.
When opportunity permitted during the trials temper­
ature and salinity were obtained using a Beckman RS5-3  
inductive salinometer and associated deck readout. At the 
at-anchor station of June 28, 1979 an ENDECO Type 160 remote 
reading current meter was used for current speed and 
direction, temperature and conductivity.
The ship's installed aenomometer was used for wind 
speed and direction observations. Visual estimates were 
used for sea conditions.
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DESIGN OF THE BUOY/DROGUE
A general review of devices used in the Lagrangian 
measurement of current was presented by Monahan and Monahan 
(1973). For this study a simple buoy with high flotation 
characteristics coupled to a cross-type drag plate was 
chosen.
In the following description of the buoy/drogue con­
struction, the lower case letters in parentheses () refer to
the components identified on Fig. 2.
The buoy consists of an 18.9 1 (5 gal) plastic bucket,
approximately 31 cm in diameter, filled with self-generating 
polyeurethane foam (a). Prior to the foam generation a 3.8 
cm diameter (schedule 80) PVC pipe (b), 2 m in length was 
inserted through the plastic bucket. Plastic collars were 
cemented to the pipe at the top and bottom of the bucket. A 
cross-type drag plate (c) constructed of 1.3 cm (0.5 in) 
exterior plywood, 61 cm by 91 cm (2 ft by 3 ft) and coated 
with several applications of marine enamel was shackled 
directly below the buoy. A weight (d), approximately 9 kg 
was shackled to the end of the pipe. Sheet aluminum (30 cm 
by 36 cm) (e), to provide radar reflection, was attached to 
3.2 cm (1.25 in) wood round stock (f). This I .83 m (6 ft) 
pole, with refLector attached, was dropped into the PCY pipe 
and provided support for a transponder and/or flasher unit, 
as needed. As shown on Fig. 2, the completed buoy/drogue 
device had a typical water line (g) exposing 15 cm of the buoy.
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Figure 2. Sketch of surface drifter with drag plate 
Euoy - a; PVC pipe - b; drag plate - c; 
weight - dj radar reflector - ej pole - f 
typical water line - g. See text for con 
struction details.
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FIELD OBSERVATIONS AND DATA COLLECTION
Trial No» 1» February 8 , 1979. The cruise plan was to drop 
five surface drifters (Fig. 2) in a pentagon pattern with 
spacing 5°0 yd between drifters. As previously noted, it 
was not known a priori that the current was rotary. The 
drop was therefore scheduled for a predicted slack water 
condition. In this case, slack before ebb was indicated 
and a geographical position chosen that should have given 
adequate space in the study area considering tidal excursion.
The current was, in fact, flowing and a pentagon pattern 
was not achieved. The distance between buoys on drop varied 
from 2^0 yd to 610 yd.
Drifter positions were established by bringing the R/V 
HOLTON alongside the buoys, allowing the LORAN-C to 
stabilize (30 second cycle) and reading latitude and longi­
tude directly from the instrument. A repeatable bias had 
been determined pierside prior to the run and was applied 
to the readings. The buoy positions, with instrument error 
removed, are shown in Appendix A. The reconstructed buoy 
positions, with calculated center of mass, are listed in 
Appendix C. The methods utilized in position reconstruction 
will be discussed later. The track of the center of mass is 
shown in Fig. 3 .
As opportunity permitted, temperature and salinity 
readings were taken by inductive salinometer. Wind readings
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Figure 3* Paths of centers of mass of buoys for trials 1 
through 11. Depth contours are in feet. C B B 
& T refers to the Chesapeake Bay Bridge and 
Tunnel. The asterisk near the center of the 
figure is the location of at-anchor station of 
June 28, 1979. The numerals and letters at the 
beginning and end of each trial refer to the 
trial number and 'start' or 'finish'. For 
example, 8A-S indicates the start of run 8A of 
trial 8 .
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were taken from the shipboard aenomometer. Sea conditions 
were visual estimates. These data are presented in 
Appendix B, along with sigma-t. Sigma-t <<Tt> represents 
the specific gravity calculated from the standard Knudsen 
(1901) equations and defined asi
= (specific gravity - 1) 1000.
The buoys were retrieved when the spacing had increased 
to nearly 1500 yd and tracking was no longer feasible.
Trial No. 2, March 3. 1979. The cruise plan was again to
drop in a pentagon pattern. The intended drop spacing was
reduced to 200 yd to hopefully permit a longer run. The 
geographical location selected was appropriate for a pre­
dicted slack before flood. Buoy positions were determined 
in the same manner as on the February 8 run, i.e., the HOLTON 
was brought alongside each buoy and the latitude and longi­
tude read directly from the L0RAN-C.
Due to equipment problems with the inductive salinometer 
only surface conditions were recorded. Wind and sea con­
ditions were recorded as before. All the data are pre­
sented in Appendices A and B.
Trial No. 3. March 9. 1979. The cruise plan was again to
drop in a pentagon pattern with spacing of 200 yd between
buoys. The geographical location selected for drop was 
appropriate for a predicted slack before ebb. A preliminary 
analysis of the first two runs had indicated a rather large 
dispersal during the run. Recognizing the need for synoptic
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data a change of position determination was indicated. Buoy 
positions were determined from the HOLTON radar. With a 
flat calm sea and the buoy vertical the maximum radar range 
was about 1500 yd. The maximum radar range under typical 
conditions was about 1000 yd. The installed radar required 
visual interpolation between range rings and the radar 
bearing was relative to ships head. An 8°W variation was 
used to correct magnetic bearings to true. Deviation was 
assumed zero. Temperature, salinity, wind and sea conditions 
were determined as before.
Trial No. k, March 20, 1979. It had become apparent that 
the predicted times for slack water as represented in the 
Tidal Current Tables 1979 were not accurate in the study 
area. The cruise plan for this run was to drop five buoys 
again in a pentagon pattern, 200 yd spacing, at slack 
before flood. For the desired drop point (37°**01'N, 760- 
07*W) the nearest station in the Tidal Current Tables 1979 
was No. 3170 (Tail of the Horseshoe) at 37°-00'N, 76°-06'W 
and the time of slack before flood was predicted for 1040 
EST. Upon arrival at the drop point at 1034 it was ob­
served that the tide was still 'ebbing', i.e., flowing in a 
generally south-southeasterly direction. The drop was de­
layed until 1114 EST when it appeared that the tide had 
changed. Although the complete drop was accomplished in 20 
minutes, a symmetrical pattern was not achieved. A 'no 
current' slack had not occurred, only a change of direction. 
This was to be true throughout all runs.
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Buoy positions were determined from the ship's radar, 
except in those cases when by chance or choice (e.g., for 
buoy identification) the ship was alongside a buoy. Similar 
to the last run (and throughout subsequent runs) variation 
used was 8°W, and deviation assumed as zero.
Temperature, salinity, wind and sea conditions were 
determined as before.
Trial No. 5t March 21. 1979. On previous runs buoy identi­
fication became a problem. When the buoys closed together 
or when visibility became restricted doubt could exist as 
to buoy number. In this and subsequent trials two or more 
drifters were fitted with radar transponders. The weight 
and wind driftage of the transponders were negligible. The 
transponder produced a separate echo 25 yd behind the radar 
echo on the PPI. Although no increase in range was effected 
buoy identification was significantly simplified.
The cruise plan for this trial was to drop five buoys 
in a pentagon pattern, 500 yd spacing between buoys, at slack 
before flood. Regrettably, it was found that a rather strong 
current was already flowing in the 'flood' direction. Only 
four buoys could be dropped. A diamond pattern was used. 
Drifter position was determined by radar, transponder or by 
coming alongside with the ship. Temperature, salinity, wind 
and sea conditions were determined as before.
Trial No. 6, April Zk, 1979. The drifters were rigged as in 
the previous run. The cruise plan was to drop five buoys in 
a pentagon pattern, 100 yd to 150 yd spacing between buoys,
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in the northwestern section of the study area. The drop 
was scheduled for slack before ebb, and the plan was to 
remain with the buoys over a full tidal cycle. The drop 
was made shortly after 0900 EST. The current was running 
in a general northeasterly direction. After three hours the 
buoys had entered Chesapeake Channel, outside of the study 
area, and recovery was necessary. The first run was 
designated 6A. A position further south was chosen to 
continue the trial. The current appeared to be running 
strongly. A diamond shaped pattern of four buoys was chosen 
for the drop because of previous difficulties in making a 
pentagon pattern drop in a strong current. The run was 
designated 6B. It was terminated when the buoys entered 
Thimble Shoal Channel.
Temperature and salinity data were taken at the surface 
(1 m depth). Wind and sea conditions were determined as in 
previous runs.
Trial No. 7. Elay 9. 1979. The cruise plan was to drop five 
buoys in a pentagon pattern, 100 yd to 150 yd spacing, in 
the northwestern section of the study area at slack before 
ebb. The current speed was minimal and a good pattern was 
achieved shortly after 0800 EST. Spacing was about 200 yd. 
The rotary nature of the current was not evident. The group 
of drifters initially headed in a northerly direction then 
veered in direction to the southeast. The speed increased as 
did the dispersion. Two of the drifters separated over 
1000 yd. It was necessary to recover one buoy for continued
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tracking and another for transponder replacement. The run 
was terminated and designated 7A. The two buoys were re­
positioned and the trial continued with designation 7B.
Temperature, salinity, wind and sea conditions were 
determined as before.
Trial No. 8 . August 10, 1979. The cruise plan was to drop 
five buoys in a pentagon pattern, 200 yd spacing, in the 
eastern portion of the study area at slack before flood.
The predicted time of slack was 07^0 EST. The drop was 
completed at 0737 EST. The current was running in a 
general northerly direction. By 1300 EST the buoys were 
well into the Chesapeake Channel and recovery was necessary. 
The run was designated 8A. The buoys were repositioned in a 
pentagon pattern in the western section of the study area 
and the drop completed at l*t4l EST. The second run was 
designated 8B. Recovery was necessary when the buoys passed 
under the Chesapeake Bay Bridge and Tunnel and out of the 
study area.
Temperature, salinity, wind and sea conditions were 
recorded as before.
Trial No. 9. August 25. 1979. The cruise plan was to drop 
five buoys in a pentagon pattern, spacing 100 yd to 200 yd 
in the south central section of the study area at slack 
before flood. The current speed was low and a tight pattern 
was achieved. Unfortunately, it was determined that the 
ship's L0RAN-C was unstable. During this run the ship's 
position was established by radar. The buoy's positions
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were determined by radar and/or transponder range and 
bearing.
Temperature, salinity, wind and sea conditions were 
recorded as before.
Trial No. 10. October 15. 1979. The cruise plan was to drop 
five buoys in a pentagon pattern with spacing 100 yd to 150 
yd. The selected drop point was in the northwestern section 
of the study area to take advantage of a predicted slack 
before ebb. Buoy positions were determined by radar, trans­
ponder and/or LORAN-C. The trial was interrupted twice and 
the buoys recovered and repositioned. The first reposition­
ing was required when the buoys entered Chesapeake Channel. 
The second repositioning was required when the buoys spread 
to distances that precluded accurate tracking. The three 
runs were designated 10A, 10B, and 10C respectively.
Temperature, salinity and sea conditions were recorded 
as before. Toward the end of the trial an improved wind 
recording procedure enabled the wind direction to be re­
corded in a more precise manner, i.e., from a true direction 
instead of points of the compass.
Trial No. 11. October 23. 1979. The final trial proved quite 
interesting in that not only did the drifters traverse the 
western edge of the study area but also proceeded further 
north than on any other trial. The cruise plan was to drop 
five buoys in a pentagon pattern with buoy spacing 100 yd to 
150 yd. The drifters remained in a rather tight pattern 
although the current speed was quite strong. Spreading of
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the buoys occurred and recovery became necessary when they 
entered the York River Entrance Channel.
Temperature, salinity, wind and sea conditions were 
recorded as before.
At-anchor station. June 28. 1979* The HOLTON anchored at 
37°-03'-^8mN, 76o-09*-^0.8"W. As part of an integrated 
study of Chesapeake Bay by a class of the Department of 
Oceanography, Old Dominion University, surface (1 m depth) 
current speed and direction were read every one-half hour 
using an Endeco model 160 current meter. Wind conditions 
were recorded as on the buoy runs. The data are presented 
in Table 1,




Table 1 . At-anchor station, 37 -03'-48.0"N,76 -09,-40.8"W 
June 28,1979. Near-surface current speed and direction 













0845 33-4 222 0840 2.24 067
0915 23.1 242 0910 2.91 092
0945 30.9 2 57 0940 2.24 068
1015 3 8 .6 272 1010 2.24 113
1045 48.9 2 77 1047 2.24 102
1115 51.4 272 1115 4.02 1101145 25.7 292 1145 4.92 113
1215 33.4 307 1215 4.4 7 123
1245 33-4 327 1248 3-58 140
1315 30.9 002 1315 4.02 105
1345 46.3 032 1350 4.02 106
1415 43.7 037 1415 4.4 7 1051445 43.7 042 1445 4.47 099
1515 51.7 0 67 1515 4.92 11315^5 54.0 142 1545 5.36 112
1615 46.3 102 1615 4.02 077
1645 54.0 152 1645 4.25 132
1715 54.0 182 1717 5.36 121
1745 51.4 167 1745 4.02 123
1815 48.9 187 1815 4.47 135
1845 38 .6 202 1845 4.47 153
1915 36 .0 202 1915 4.02 136
1945 2 0 .6 182 1945 4.02 143
2015 10.3 202 2015 3.80 127
2045 2 0 .6 252
2115 28.3 272




PLOTTING AND EVALUATING THE DATA
To obtain the desired accuracy a chart with scale no 
less that It20,000 was required. For the study area no such 
navigational chart exists. The closest chart (geographically) 
at scale of 1»20,000 is NOS chart 12254 which covers latitudes 
36°-53'N to 37°-01'N and longitudes 76°-01*W to 76°-14'VT.
The desired coverage was latitudes 36°-59'N to 37°-07'N and 
longitudes 76°-04'Y/ to 76°-l4'W (Fig. 1). Before using chart 
12254 to draw the graticule (i.e., the network of latitude 
and longitude lines) it was necessary to determine if latitu­
dinal expansion was required. The method of Art. 307, Vol. I 
of Bowditch (1977) was used. The meridional parts should, of 
course, increase as the latitude increases. In this case 
they did not, probably due to 'rounding off' in Table 5 of 
Bowditch (1977). The graticule of chart 12254 was used, re­
labeled as necessary, for plotting drifter and HOLTON posi­
tion.
As previously noted in Chapter 2 in trials No. 1 and 
No. 2 the buoy positions were fixed by bringing the HOLTON 
alongside each buoy and reading the LORAN-C. These positions 
were plotted on the Ii20,000 constructed chart. In order to 
obtain synoptic positions, the buoy tracks were recon­
structed using an adjustable spline. The distance between
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fixes was 'stepped-off' in 200 yd increments, and the 
current speed assumed constant between fixes. In trials 
No. 3 through No. 11 the buoy positions were generally 
obtained synoptically by radar and plotted accordingly using 
a WEEMS plotter. In those cases where a buoy position was 
fixed by LORAN-C and interpolation to a synoptic time was 
required, straight line current direction was assumed.
The center of mass of the buoy group was determined by 
a straight linear average of the buoy positions. The raw 
position data are presented in Appendix A. The recon­
structed positions with center of mass are presented in 
Appendix C . The paths of the center of mass are shown in 
Fig. 3. The convergence and/or divergence of the buoys are 
shown in Fig. 4 through 9* Fig. 5# 7» and 8 represent 
trials No. 2, 3t and 7 and are representative of the pro­
cesses acting in the study area, i.e., in the relatively 
flat-bottomed region between the channels. Fig. 6 and 9 
show dispersive processes as the channels are approached 
and/or entered.
Fig. ^ presents the data of trial No.2 of March 3» 1979 
in graphical form. The drifters traversed the center of 
the study area midway between Thimble Shoal Channel and 
Chesapeake Channel. The initial synoptic pattern is a 
rough pentagon shape with the closest buoys (No. 3 and 4) 
about 100 m apart and the farthest buoys (No. 1 and 5) about 
500 m. The track of the center of mass clearly shows the 
clockwise rotary current. In the final synoptic pattern the
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buoys have spread so that the closest buoys (No. 4 and 5) 
are about 150 m apart and the farthest (No. 1 and U) about 
850 m apart. There is little indication of rotation 
relative to the center of mass.
Fig. 5 presents the data of trial No. 3 of March 9» 
1979. The drifters traversed the study area from north to 
south staying well within the 30 ft contour. The initial 
synoptic pattern is a nearly true pentagon with adjacent 
buoys spread 200 m to 300 m and cross-pattern distances of 
about 500 m. During the run the pattern appears to 
'collapse*. The greatest spreading is between buoys No. 3 
and Initially separated at 300 m, they have opened to
about 700 m. The other pairs have experienced both con­
vergence and divergence. As in trial No. 2 there is little 
indication of rotation relative to the center of mass. The 
track of the center of mass again shows a clockwise rotary 
current.
Fig. 7 and 8 present the data of trial No. 7 of May 9»
1979* This trial was interrupted due to the necessity of
recovering the drifters when they had spread too far for 
tracking. Both run 7A and 7B (Fig. 7 and 8, respectively) 
were contained within the study area. The initial synoptic 
pattern is a tight, nearly true pentagon shape with adjacent 
buoy distances of about 150 m and cross-pattern distances of 
200 m. In a three hour period the current veered from 
northerly to southeasterly. Although the final pattern in 
run 7A appears grossly distorted it is basically the strange
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behavior of buoys No. 2 and 3 that accounts for the dis­
tortion. From an initial separation of about 100 m they 
have spread to almost 1000 m. It would appear that buoy 
No. 3, in particular, had entered a different current 
regime from the others.
After repositioning buoys No. 2 and 3 the trial was 
continued as run 7B (Fig. 8). The separation distances 
between buoys No. 1 and 2 and between buoys No. 2 and 3 in 
the initial synoptic pattern was less than 100 m. It was 
observed during the trials that if buoy pairs closed to 
about 50 m they usually stayed close together. This was 
the case here with these two pairs. It is believed that the 
buoys do not 'feel' eddies smaller than a certain scale 
length, probably about 100 m. This will be discussed further 
in the section under horizontal diffusion processes. The 
most interesting circulation aspect in run ?B is the smooth 
and continuous clockwise rotation of the current as shown 
by the track of the center of mass.
Two runs were chosen to illustrate the effect of the 
channels. Run 6B of April 2 5, 1979 (Fig, 6) started with 
four buoys in a close diamond pattern in the center of the 
study area. Although a rather strong current was evident 
(current velocities are discussed in the next section) dis­
persion was minimal. Buoy No. 3 appeared to progress south­
ward faster than the other buoys. Having done so, it en­
countered the flood current of Thimble Shoal Channel and 
turned westward earlier than the other buoys. As may be
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recalled, Thimble Shoal Channel is a dredged channel. The 
effect of the strong tidally reversing current is not as 
noticeable until the drifters are actually in the channel 
compared to the effects noticed near Chesapeake Channel, a 
natural channel. This is exemplified by run 8A of August 
10, 1979 (Fig. 9).
The initial synoptic pattern of run 8a was at time 0749 
EST. The recorded depth at 0803 EST (see Appendix B) was 
9.4 m. Minor pattern dispersion occurs through pattern D of 
run 8A (see Fig. 9). Between patterns D and E (times 1025 
EST and 1053 EST, respectively) buoy No. 4 undergoes a re­
markable dispersive effect. It is also in the shallower 
water. In this time period buoys No. 1, 2, 3 and 5 cross 
the 30 ft contour. Between patterns E and F (times 1053 EST 
and 1133 EST, respectively) the buoys cross the 35 ft con­
tour. Buoy No. 4 lags behind throughout. It makes a tight 
clockwise turn and appears to be in a completely different 
current regime from the other buoys. Buoys No. 2 and 4 had 
an initial separation of about 200 m at 0749 EST. At 1252 
EST the separation is over 1700 m.
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Figure 4. Trial No. 2, March 3, 1979 showing buoy dis­
persion patterns and track of center of mass. 
The numbers around each pattern are the buoy 
numbers and the X indicates the center of mass. 
The letters designate the time (EST) of each 
pattern as follows» A - 0915; B - 0945; C - 
10455 D - 1152; E - 1253; F - 1348; G - 1426;
H - 1500. The geographical location of each 
buoy and the center of mass are given in 
Appendix C.
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Figure 5» Trial No. 3» March 9» 1979 showing buoy dis­
persion patterns and track of center of mass.
The numbers around each pattern are the buoy 
numbers and the X indicates the center of mass. 
The letters designate the time (EST) of each 
pattern as followsi A - 0925; B - 0948; C - 
1033; D - 1110; E - 1157; F - 1253; G - 1319;
H - 1344; I - 1401; J - 1423; K - 1446; L - 1514. 
The geographical location of each buoy and the 
center of mass are given in Appendix C.
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Figure 6. Trial No. 6, Run 63, April 29, 1979 
showing buoy dispersion patterns and 
track of center of mass. The numbers 
around each pattern are the buoy numbers 
and the X indicates the center of mass.
The letters designate the time (EST) of 
each pattern as follows» A - 1307; B - 
13^8; C - 1424; D - 1458; E - 1541; F - 
1611; G - 1642. The geographical location 
of each buoy and the center of mass are 
given in Appendix C.
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Figure 7* Trial No. 7, Run 7A, May 9i 1979 showing 
buoy dispersion patterns and track of 
center of mass. The numbers around each 
pattern are the buoy numbers and the X 
indicates the center of mass. The letters 
designate the time (EST) of each pattern as 
followsi A - 0825; C - 0915; E - 1017; G - 
1102; H - 1142; I - 1245. For greater 
clarity three intermediate patterns are 
omitted. The geographical location of each 
buoy and the center of mass are given in 
Appendix C .
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Figure 8. Trial No. 7» Run 7B, May 9» 1979 showing 
buoy dispersion patterns and track of 
center of mass. The numbers around each 
pattern are the buoy numbers and the X 
indicates the center of mass. The letters 
designate the time (EST) of each pattern 
as follows i A - 1511} B - 1^37; C - 1611;
D - 16^3; E - 1709; F - 1736; G - 1806;
H - 1840; I - 1903* The grographical 
location of each buoy and the center of 
mass are given in Appendix C.
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Figure 9» Trial No. 8 , Run 8A, August 10, 1979 showing
buoy dispersion patterns and track of center
of mass. The numbers around each pattern are
the buoy numbers and the X indicates the 
center of mass. The letters designate the 
time (EST) of each pattern as followsi 
A - 0749; B - 0905; C - 0921; D - 1025;
E - 1053; F - 1133; G - 1221; H - 1252. The 
geographical location of each buoy and the 
center of mass are given in Appendix C.
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DATA REDUCTION - CIRCULATION
No attempt is made to identify or isolate the effect on 
circulation of forces due to the water surface slope, inter­
nal density gradient, tidal phenomena, Coriolis acceleration, 
internal frictional stresses and bottom frictional stresses. 
In a surface Lagrangian experiment studying circulation and 
mixing processes within a tidal cycle such discrimination 
would be difficult indeed. In any event, for estuaries such 
as the lower Chesapeake Bay in which there is substantial 
tidal motion, the tidal contribution will usually be dom­
inant (Officer, 1976b). The effect on estuarine surface cir­
culation of wind stresses is a different matter. In the 
opinion of some investigators the wind stress effect may 
override the tidal forces (Y/eisberg, 1976; Weisberg and 
Sturges, 1976).
V/hile an override of tidal forces may be the exception, 
it is now certainly recognized that wind stress can sig­
nificantly alter estuarine flow patterns (Pritchard, 1978, 
Boicourt, 1973)* Thus, it was decided that correction for 
wind stress must be introduced. A question remained as to 
the extent of the correction - should it be applied to both 
the trajectories (and hence, the diffusion calculations) 
and the current velocity determinations? In a review 
article on the effect of wind and surface currents on 
drifters, Kirwan et al (1975) concluded*
(i). Steady winds can substantially bias velocity 
records obtained from drifter trajectories.
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(ii). A small wind can move the drifter into a 
completely different current regime.
Because of this last type of effect* they state that it 
is virtually impossible to correct a trajectory to obtain the 
true path of the water particle originally tagged. This in­
vestigator agreed and decided not to correct trajectory but 
to attempt to remove wind effect from the drifter velocity 
records.
Two corrections for wind stress are necessary. One is 
the direct wind effect on the drifters and the other is the 
wind-driven current.
Murray (1975)f Kirwan et al (1975) and Taira et al 
(1978) provided similar analyses on the theoretical effect 
of wind on surface drifters. The following assumptions pre­
vail 1
(i). The wind and surface currents are steady.
(ii). The ''velocity squared" drag law with a constant 
drag coefficient applied.
(iii). The dry portion of the surface vehicle remains 
vertical.
Applying these assumptions to the drifters used in this 
study the horizontal balance of forces is«
Ai u|u| = A2 V<2 (11)
where is the water density (= 1.01 gm/cm3); is the drag 
coefficient of the drogue and submerged portion of the buoy 
(= 1.2) ; A3, is the area of the drogue and submerged portion
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of the buoy 'seen' by the waters u is the relative speed 
between drogue and water in the direction of the wind; ^  
is the air density (= (1.225) (10*3) gm/cm3); C2 is the drag 
coefficient of the pole, reflector and exposed portion of 
the buoy (= 1.0); A2 is the area of the pole, reflector and 
exposed portion of the buoy ‘seen* by the wind; and Vi is 
the wind speed. Applying the dimensions of the drifter 
system we have;
u = W (0.0189)
This was applied to the wind data (Appendix B) to obtain a 
wind induced velocity of the drifter centers of mass. The 
results are shown in Table 2.
The correction for wind-driven current (or 'wind-drift 
current') follows the work of James (1966). In his develop­
ment James notes that almost all of the factors contributing 
to wind-drift currents (wind stress at the surface, mass 
transport by particle orbital motion, and whitecaps con­
tribution) are directly influenced by the state of the wave 
conditions. The wind-drift current grows proportionally to 
the wave conditions and the transient state of the drift 
current can be assumed to parallel that of the waves. The 
wind-drift current would become fully developed at about 
the same time as the waves or, as limited fetches or short 
durations restrict the growth of waves, the drift currents 
would be similarly limited. James examined the empirical 
data of some sixteen investigators regarding the ratio of 
the surface drift current to the wind strength at latitude
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40°;'. Expressed as a percentage, the results varied from a 
low of 0.97 percent to a high of 4.40 percent, "’he direc­
tion varied from basically in the direction of the v/ind to 
the Ekman value of 45 degrees to the right of wind 
direction.
James presents a forecasting graph from which it is 
possible to obtain the wind-drift current in both the tran­
sient and fully developed states. The necessary entries 
for the graph are v/ind duration, fetch length and wind 
speed. Wind speed was recorded directly from the shipboard 
aenomometer. Fetch v/as dictated by the geographical lo­
cation of the study area and the wind direction as follows:
080°T ^wind direction ^ 140°T
: fetch —50 nautical
315 T ^wind direction ^ 020°T miles
any other v/ind direction : fetch =10 nautical
miles
To determine v/ind duration, the height of the waves was 
estimated and the wind duration verified by Fig. 3-26 (Fore­
casting curves for shallow water waves, in constant depth of 
30 feet) of the Shore Protection Manual (U.S. Army Coastal 
engineering Research Center, 1975). Again following James 
(1966), the best estimate of direction is to use 20 degrees 
to the right of the wind direction. The wind-drift current 
estimates are shov/n in Table 3.
The uncorrected mean current velocities of the centers 
of mass v/ere calculated from the geographical positions 
shov/n in Appendix C. The v/ind effect on the drifters (Table
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2) and the wind-drift current (Table 3) were vectorially 
subtracted from the calculated values. The reduced data 
and the hours of the mean time after the predicted maximum 
flood at Chesapeake Bay Entrance are shown in Tables 4 and 
5.
Rotary currents are often depicted by a series of 
arrows representing the direction and speed of the current 
at various times. This is sometimes called a 'current rose'. 
Three examples have been selected (trial No. 2, trial No. 11, 
and the at-anchor station) to present 'current rose' dia­
grams. The initial diagram in each case presents the un­
corrected data, followed by diagrams for the data after 
corrections for wind stress. The rotary nature of the 
current can readily be seen, as well as the wind contri­
bution. Fig. 10 through 12 represent trial No. 2, Fig. 13 
through 15 trial No. 11 and Fig. 16 and 17 the at-anchor 
station.

















Table 3. Wind drift current. See Appendix C for weather data.
Trial Time (EST) Current Remarks
From To cm/sec °T
1 start end 0 - Light wind, calm sea
2 start end 9.3 245 Ave. wind 5 .3 6 m/sec from 045°T
3 start end 0 — Although wind increased, time insuffi­
cient for current to develop
4 start end 6 .0 200 Ave. wind 4.02 m/sec from 000°T
5 start end 8 .6 200 Ave. wind 4.92 m/sec from 000°T












Sea calm at start, rising during 
trial
8 start end 9.3 088 Ave. wind 6.17 m/sec from 248°T
9 start end 0 - Sea low and confused; wind backed 















Table 4. Current velocity of centers of mass. Mean time 
is linear ave. of time interval of observations. 
Column A are uncorrected data. Column B are 
corrected for wind-driven current. Column C are 
corrected for both wind-driven current and 
drogue drift. Column D are the time differences 
in hours, of the mean time compared to the pre­





















































































































































Trial 5 241 -1.81233 46.3 224 38.6 229 33.31300 43.3 24 2 37.4 251 35-4 265 -1.4
1325 38.3 227 30.9 234 2 6 .6 251 -0.91348 44.1 256 39.9 266 40.4 280 -0.6
1407 43.3 251 38.5 261 38.1 275 -0.2
1425 42.7 264 39.7 275 41.6 288 0.1
Trial 6 
Run 6A
030 2.80946 54.1 024 57.2










































Run 7A 1.80839 19-0 002 19.0 002 23.0 Oil0904 22.6 012 22.6 012 27.0 018 2.2
0931 14.2 025 14.2 025 19.1 030 2.71002 18.7 081 18.7 081 23.0 074 3.2
1027 12.9 077 12.9 0 77 17.4 068 3.6
1050 25.0 108 2 5 .0 108 32.3 103 4.0
1122 28.7 129 28.7 129 34.9 121 4.51214 41.8 157 41.8 157 46.2 146 5.4
Run 7B
4 5 .4 8.61524 42.8 222 41.5 217 200
1554 40.5 239 38.1 234 46.3 189 9.1
1627 46.0 251 40.0 244 32.3 237 9.61656 45.8 266 38.6 261 29.8 258 10.1
1723 58.4 277 5 0 .6 275 41.7 276 10.5
1751 48.1 285 40.1 284 31 .2 274 11.0
1823 6 0.4 301 52.5 303 41.8 299 11.51852
.
49.3 313 42.0 317 36.8 327 12.0














































6 5 .8 013 
6 7.O 024










































2 5 .2 108
no correction
Note: due to 
erratic radar 
fixes, Col. A 
for this trial 







1 0 .0 350
8.8 017 























































































1741 28.6 009 24.6 351 20.3 326 0.51804 30.4 013 25 .8 357 20.3 334 0.91838 29.1 027 22.5 012 14.8 350 1.5
1909 27-9 046 19.4 037 29.4 035 2 . 01940 37-8 046 29.2 040 39.2 037 2.5
Trial 11
0739 35-3 277 35.3 277 31.9 267 -2.3
0805 38.1 288 38.1 288 33.5 280 -1.80838 52 .2 295 5 2 .2 295 46.9 290 -1.3
0911 58.6 310 58.6 310 52.7 310 -0.70941 61.4 315 61.4 315 55.5 315 -0.2
1016 74.6 326 74.6 326 68.2 324 0.4
1054 92.9 343 92.9 343 86.1 343 1.0
1131 94.5 350 94 .5 350 8 7.5 348 1.6
1207 92.5 354 92.5 354 85.7 354 2.3
1239 79.6 359 79.6 359 7 2.8 359 2.71310 78.8 Oil 78.8 oil 71.3 012 3.31340 5 2 .2 016 5 2 .2 016 44.8 018 3.8
1418 32.5 040 29.5 061 34.0 080 4.4
1500 20.3 083 26.5 108 26.5 125 5.1
1534 21.9 100 30.3 119 41.5 131 5.71606 19.0 130 30.1 140 43.1 146 6.2
1635 25.3 145 37.0 148 50.3 151 6.7
Table 5* Current velocities, at-anchor station of June 
28, 1979. Data are time averaged. Column A 
are uncorrected data. Column B are corrected 
for wind-driven current. Column C are the time 
differences in hours of the ave. time compared 
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Figure 10. Current rose for trial No. 2, showing course 
and speed of the center of mass using un­
corrected data. Numbers at arrow heads indi­
cate sequential times as listed in Table 
i.e., 1 - 0930, 2 - 1015, etc.
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Figure 11. Current rose for trial No. 2, showing course 
and speed of the center of mass using data 
corrected for wind-driven current. Numbers 
at arrow heads indiczte sequential times as 
listed in Table 4, 1 - 0930, 2 - 1015, etc.
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Figure 12. Current rose for trial No. 2, showing course 
and speed of the center of mass using data 
corrected for both wind-driven current and 
drogue drift. Numbers at arrow heads indi­
cate sequential times as listed in Table k, 
i.e., 1 - 1930, 2 - 1015, etc.
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Figure 13. Current rose for trial No. 11, showing 
course and speed of the center of mass 
using uncorrected data. Numbers at arrow 
heads indicate sequential times as listed 
in Table k, i.e., 1 - 0739, 2 - 0805, etc.
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Figure 1^. Current rose for trial No. 11, showing course 
and speed of the center of mass using data 
corrected for wind-driven current. Numbers 
at arrow heads indicate sequential times as 
listed in Table 4, i.e., 1 - 0739, 2 - 0805, 
etc.
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Figure 15. Current rose for trial No. 11, showing 
course and speed of the center of mass 
using data corrected for both wind-driven 
current and drogue drift. Numbers at 
arrow heads indicate sequential times as 
listed in Table U, i.e., 1 - 0739* 2 - 0805, 
etc.
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Figure 16. Current rose for at-anchor station of
June 28, 1979, showing course and speed 
of the surface current using uncorrected 
data. Numbers at arrow heads indicate 
sequential times as listed in Table 5» i« 
1 - 0900, 2 - 1000, etc.
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Figure 17. Current rose for at-anchor station of
June 28, 1979» showing course and speed 
of the surface current using data corrected 
for wind-driven current. Numbers at arrow 
heads indicate sequential times as listed in 
Table 5i i.e., 1 — 0900# 2 — 1000, etc.
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DATA REDUCTION - HORIZONTAL DIFFUSION PROCESSES
Following Olson and Ichiye (1959)i by analogy to 
classical concentration the neighbor concentration q(l) is 
defined as the number q(l)dl of pairs of particles whose 
separations are in the range 1 to 1 + dl. The Richardson 
(1926) diffusion equation (Eq. 7)
is analogous to the classical Fickian equation as F(l), the 
neighbor diffusivity, takes the place of the ordinary 
diffusivity. Stommel (19^9) postulated that the initial 
separation 10 is large compared with 1^-Iq, where 1^ is the 
separation after time t. With this restriction we have the 
relation (Eq. 9)
where the bars indicate averages.
When n drogues we have m drogue pairs according to
For those runs with five drogues there are ten drogue 
pairs. For those runs with four drogues there are six 
drogue pairs. F(l), then, is the mean taken over all pairs 
in the particular run.
The development of the 4/3 power law as related to 
neighbor diffusivity has been discussed. Ozmidov (1957) in
F(l) = F [iUi+l0)
di-io)2
2t
n(n-l)/2 = m (12)
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a detailed study of horizontal turbulent diffusion in the sea 
and in a shallow reservoir shows rather convincingly that any 
noteworthy deviation from the 4/3 law will be expected only 
with values of l/DCIO, where 1 is particle separation and 
D is the water depth, for depths of 10 m or less. Taking D 
as 10 m, we have a minimum particle separation of 100 m if 
we expect a 4/3 law correlation. Further, as noted in 
Chapter 2 the maximum distance error in radar location of 
the buoys is 100 yds (about 100 m). There is also a minimum 
eddy size that the buoy-drogue combination will not 'feel' 
as opposed, for example, to dye (Cederwall, 1971), It was 
decided to disregard those calculations where the mean drogue 
pair separation is less than 100 m.
Using the geographical location of the buoys (Appendix 
C) and appropriate computer programs (Appendix D) the 
relevant calculations were made. Table 6 presents the mean 
square distance differences and neighbor diffusivities for 
each time interval. Table 7 presents the neighbor diffu­
sivities and corresponding mean separation distances for 
intervals of variation of the scale of the phenomenon. The 
scales were selected in order to permit comparison with 
Ozmidov's (i960) work in the Pacific.
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Table 7. Richardson's neighbor diffusivity for each run averaged over scale intervals.
For mean separation distances under 100 in, only the number of values in the 
run is shown. Column A - scale intervals in m. Column B - run number. 
Column C - mean separation distance in m. Column D - neighbor diffusivity 
in cm~/sec. Column E - number of values.
.
A B c D E B C D E B C D E
Below 100 0 0 4
100 to 4-00 352. 19330.4 5 249. 9604.5 36 2 6 0. 13949.5 25400 to 800 1 5 8 0. 24701.2 38 6A 535. 23106.9 14 8B 592. 43723.0 27800 to 1200 953. 27772.2 24 0 . 0 .0 0 893. 63108.5 4
1200 to 1800 1280. 37282.0 3 0 . 0 .0 0 0 . 0 .0 0
Below 100 1 5 23
100 to 400 274. 13124.3 34 261. 12904.2 24 196. 4350.8 87400 to 800 2 588. 14388.5 28 441. 13162.8 7 9 0. 0.0 0
800 to 1200 892. 15635.5 7 0. 0.0 0 0. 0.0 0
1200 to 1800 0. 0.0 0 0. 0.0 0 0. 0.0 0
Below 100 8 0 10100 to 400 252. 13490.6 57 273. 11465.2 49 214. 26502.3 68400 to 800 3 498. 24263.0 45 7A 492. 14853.7 30 10 504. 142238.6 12800 to 1200 0. 0.0 0 870. 4775^.0 1 A 0. 0.0 0_1_P00 to 1800 n n.n 0 n. n n n o L
Below 100 5 13 4100 to 400 282. H 611 .6 36 259. 14744.9 62 218. 8156.0 36400 to 800 4 490. 14495-5 29 7B 485. 27281.1 5 10 558. 25824.8 10800 to 1200 0. 0.0 0 0. 0.0 0 B 0. 0.0 01200 to 1800 0. 0.0 0 0. 0.0 0 0. 0.0 0




A B C D E
Below 100 
LOO to 400 
•̂00 to 800 















The rotary nature of the surface current in the study 
area has been seen in the tracks of the centers of mass 
(Fig. 3) and in the current roses (Fig. 10 through 17)• The 
clockwise rotation is believed to have its origin in Coriolis 
(Bowditch, 1977* Ippen, 1966; Johnson, 1976). In the Tidal 
Current Tables published by the National Ocean Survey of the 
National Oceanic and Atmospheric Administration rotary tidal 
currents are listed for selected offshore locations. The 
currents, in degrees (true) and velocity (knots), are re­
ferred to 'hours after maximum flood' at the nearest ref­
erence station. Following this method, the nearest reference 
station to the study area is 'Chesapeake Bay Entrance' (CBE) 
at 36°-59»0* N, 76o -00.0* W. The 'hours after predicted 
maximum flood current times at CBE' are listed in Tables 4 
and 5 for the current courses and speeds from this study.
It must be noted that the maximum flood current times at CBE 
are the predictions from the Tidal Current Tables 1979.
Using the reduced data after wind corrections several 
correlations were attempted. For example, the 'corrected 
current speed' was plotted against 'hours after predicted 
maximum flood at CBE* and no correlation was seen. Similarly, 
the 'ratio of the corrected current speed to the maximum
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predicted flood current speed at CBE' was plotted against the 
'corrected current direction' and no correlation was apparent.
When 'hours after predicted maximum flood at CBE' was 
plotted against 'corrected current direction' a striking 
linear relationship was apparent (Fig. 18). Using a linear 
least squares evaluation and the units in hours and degrees 
true we findi
y = 31.3087 x - 53.1309 
where x is the abscissa in hours after predicted maximum 
flood at CBE and y is the ordinate in corrected current 
direction in degrees true. The correlation coefficient is 
0 .9655. Only the Lagrangian data were used in the linear 
least squares calculation. The Eulerian data (i.e., the at- 
anchor station data) are shown on Fig. 18 for illustration 
and comparison only.
The inferences that can be drawn from Fig. 18 are sig­
nificant. First, the Lagrangian data encompassed the com­
plete study area (some 160 km2) and a time frame from 
February to October, 1979. Second, the fact that any 
correlation exists indicates that the current direction is 
basically the same anywhere in the study area at a given 
time. We know from the individual buoy tracks that varia­
tions do exist, but the general direction as indicated by 
center of mass calculations is nearly invariant. Third, the 
linear relationship infers that the rotation is constant.
From Fig. 18 it would appear that a complete rotation takes 
place in about 11.5 hours. We would expect the rotation to
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Figure 18. Hours after predicted maximum flood current 
at Chesapeake Bay Entrance (CBE) vs. 
corrected current direction in the study 
area. Straight line represents linear least 
squares evaluation of 122 values of the 
current direction (corrected) of the centers 
of mass. Correlation coefficient is O.9655. 
Also shown are 13 values of the corrected 
surface current from the at-anchor station.
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take about 12.42 hours, the period of the principal (M2 ) 
constituent of the semi-diurnal tide. The time interval 
for the predicted times of maximum flood at CBE for the 
eleven trials averaged 12.44 hours, with the shortest 12.12 
hours and the longest 12.83 hours. The discrepancy between 
the observed interval of 1 1 .5 hours and expected interval of 
12.42 hours could be due to insufficient or inaccurate data, 
or the direction - time relationship may in fact be sinu­
soidal and not linear.
The reasons for the foregoing are not clear. It was 
expected, for example, that the proximity of the bordering 
channels with their dominant tidally reversing currents 
would dictate a similar current pattern in the study area. 
As we have seen, that is not the case. In fact, the one 
set of data that digresses most significantly from the 
linear relationship (155° to 175°» +3*4 hours to +6.2 hours 
on Fig. 18) represents trial No. 3 which proceeded directly 
down the center of the study area (Fig. 3)• Further, it 
was known that the National Ocean Survey was in the process 
of preparing a tidal current chart for the lower Chesapeake 
Bay. Copies of their data sheets were provided at this 
investigator's request. Several stationary current meters 
were deployed in the study area in the 1951-1952 time frame. 
The data sheets and the resulting current ellipes clearly 
show a rotary type current. Their correlation graphs, 
however, plot current direction against high and low water 
at Hampton Roads. A slight sinusoidal, in some cases nearly
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linear, relationship is apparent. By their data, the 
complete rotation occurs from 11.5 hours to 12.6 hours.
It would appear to be a partial confirmation of the results 
of this study.
Rotary currents are defined as those that flow con­
tinuously with the direction of flow changing through all 
points of the compass during the tidal cycle (Haight, 1950). 
In presenting rotary currents graphically a polar coordinate 
system is generally used. The polar coordinates show the 
relation of velocity and direction with the radii vectors 
normally at some specified time intervals. As the graph 
usually approximates an ellipse, it is frequently referred to 
as a tidal current ellipse or, more appropriately, as a mean 
current curve. In this study it was more practical to 
average the mean current velocities (including the at- 
anchor station data) at ten degree compass intervals than at 
time intervals. The resultant mean current curve is pre­
sented as Fig. 19. The mean nontidal current, calculated by 
the method of Haight (1950), was calculated to be 0.06 kts 
(3*1 cm/sec), toward 129°T. The comparison of the nontidal 
current with the aforementioned unpublished data of the 
National Ocean Survey is presented in Table 8.
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Figure 19* Kean current curve and tidal current ellipse 
for the study area showing a clockwise rotary 
current. The non-tidal current, calculated per 
Haight (1950)» includes 'permanent' flow (e.g., 
fresh water discharge) and 'temporary' flow 
(e.g., nonlocal atmospheric forcing (Wang and 
Elliott, 1978)). The detailed procedure used in 
obtaining the data points is as follows: The 
values of the fully corrected mean current velo­
city from Tables k and 5 for all runs and the at- 
anchor station were placed on a polar plot. The 
values for each run were connected. This is 
equivalent to connecting the arrow heads on the 
current roses for fully corrected currents 
(e.g., Fig. 12). On ten degree radials (i.e., 
010°T, 020°T, etc.) the value of current was 
read where the radial intersected the broken 
curves. These values were averaged and are data 
points on this figure. The smooth curve is an 
elliptical least squares fit. The mean of the 
scalar values of the 38 points is 37*0 cm/sec.
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Table 8. Mean nontidal surface current. Data source 
A represents this study. Data sources B 
through E are from unpublished data from 
the National Ocean Survey, taken with a 
Roberts radio current meter at 8 ft depth.
*
Data
source Date kts ot Lat.(N) Lone.(W)
A Feb.-Oct. 
19 79
0 .0 6 129 study area study area
B Sep.18-25
1951
0.04 153 37°-01.2' 76°-08.9’
C Sep.19-26
1951
0.22 090 37°-00.3' 76°-1 2.8'
D Sep.25-0ct.l
1951
0.08 320 • 37°-01.9' 76°-13.2'
E Sep.25-0ct.l
1951
0.08 007 37°-02.5' 76°-15.9'
As previously mentioned, the tendency for the clockwise 
rotation in direction of the tidal current is considered to 
have its origin in the deflecting force of the earth's ro­
tation (Coriolis). It has been proposed by some authorities 
(Haight, 1942; 1950) that not only are offshore tidal currents 
generally of the rotating type, but that rotary currents will 
usually be found only offshore because the typical estuarine 
boundaries will restrict the current direction preventing 
effective Coriolis action. Recent work such as that of Mc­
Dowell and O'Connor (1977) has recognized that Coriolis may 
be significant in wide estuaries, although Taylor suggested 
this in 1920.
One measure of Coriolis effectiveness is the 'Rossby 
radius of deformation' (R), a scale length wherein the gravity
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force is balanced by Coriolis (Pedlosky, 1979) and which is 
defined by
H E c0/f. (13)
In equation 13i
c0 = wave celerity (=(g D)^)
D = water depth
f = Coriolis parameter (=2&>esinjz0
= earth rotation ( (0.727)(10"^)rad/sec )
= latitude
Taking / = 37° N and a mean D = 10 m we have R = 113 km. In 
the vicinity of the study area, the Bay width is about 30 km, 
or one-third of the scale length. It would appear that the 
Bay is wide enough for a significant Coriolis effect.
In order to arrive at an order of magnitude of the 
Coriolis effect, we first consider the tidal wave character­
istics of Chesapeake Bay. As noted by Hicks (1964), Chesa­
peake Bay is one of the few embayments which is able to hold 
one complete semi-diurnal tidal wave at all times. The crest 
of the primary tidal wave will not quite traverse the Bay 
before the next following crest enters. At the reflecting 
head of the Bay a standing wave is developed, and therefore 
throughout the Bay conditions are intermediate between a 
perfect standing and perfect progressive situation. This 
circumstance invites consideration of the formation of 
Kelvin and Poincare waves (Defant, 1961).
For ‘perfect' progressive waves of small amplitude the 
variation in time and space of the surface can be written
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7 6
= 7̂  o sin (kx
where is the wave amplitude, k is the wave number, x is 
the direction of propagation, is the wave angular fre­
quency and t is time. In the Kelvin and Poincare develop­
ment (Pedlosky, 1979t p. 75) the modifier e”y/R is intro­
duced, where y is the cross-channel (or in this case, Bay 
width) distance orthogonal to x and R is as before, the 
Rossby radius of deformation. We then have
= 77 o e"y//Rsin (kx -uJt) (15)
For our values of y = 30 km and R = 113 km, e”y/R = 0.77* or
a Coriolis influence of about 23 percent.
If, in fact, Kelvin and Poincare waves do ex-ist in the 
Bay, and we surely have the experimental evidence of the 
clockwise rotary current, then the possibility of amphidromic 
points arises similar to Defant's (1961) classic North Sea 
analysis. Clearly additional work is required.
HORIZONTAL DIFFUSION PROCESSES
Following Richardson (1926) and many investigators pre­
viously cited, we see if a correlation exists between the 
neighbor diffusivity and the scale of the turbulence phen­
omenon. It has been mentioned that the scales were chosen 
in order to permit comparsion with Ozmidov's (i960) work in 
the Pacific involving surface drifters. The neighbor 
diffusivities averaged over all runs in this study are
compared with 0zmidov*s values in Table 9» Ozmidov reported
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that a total of 159 values of F(l) were used. The total 
number of values used in this study is IO7 3,
Table 9* Richardson*s neighbor diffusivity averaged over all 
runs and the corresponding mean values of the scale 
of the phenomenon. Column A - scale intervals in m. 
Column B - number of values used in this study. 
Column C - mean value of the scale of the phenom­
enon in m. Column D - mean value of neighbor 
diffusivity in m2/sec. *Hilder' refers to this 
study. *Ozmidov* refers to Ozmidov's (i960) work 
  in the Pacific. _ _ _ _ _____
A B Hilder C
1
Ozmidov Hilder ^ Ozmidov
100 to 400 722 253 1.264
200 to 400 — 306 — 0.890
400 to 800 302 528 586 3.740 2 .167
800 to 1200 43 928 950 5.368 3.018
1200 to 1800 6 1397 1384 15.054 5.992
Figure 19 plots the values of Table 8 and compares the 
resulting linear least squares line with the results of 
Ozmidov (i960) and Olson and Ichiye (1959). The linear least 
squares fit of the four data points is
F(l) = 0.0141 li*35i (c.g.s.) 
with a correlation coefficient of 0.9786. Only one line is 
shown on Figure 20 due to the scale of the drawing.
It appears from the above that in this study the 
validity of the "4/3 power law" is indicated.
The neighbor diffusivity and the mean square distance 
differences were plotted against time intervals and no 
correlation was apparent.
Batchelor (1950) has shown that in homogeneous turbu­
lence, for intermediate times,
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Figure 20. Graph of Richardson's neighbor diffusivity 
F(l) vs. the mean value of the separation 
distance T. With units in e.g.s., the 
upper dashed line (A) is from Olson and 
Ichiye (1959) and represents the equation 
F(l) = 0.0246 lV3, The lower dashed 
line (C) is from Oxmidov (i960) and repre­
sents the equation F(l) = 0.01 l4/3. The 
solid line (B) is a linear least squares 
fit of the four data points from Table Q 
and represents the equation F(l) = 0.0l4l 
11.351 »  0.0171 lV3.




























4.2 4.4 4.6 4.8 5.0 5.2
log I — ( I in cm )
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
79
F(l) = A (16)
where A is a nondimensional constant, and €jj is the mean 
rate of energy dissipation per unit mass of the fluid 
(cm2/sec3). Grosch (1972), in an analysis of relevant data, 
suggests taking A = 0.05* For this study, then
A C q 1/3 = (0.05) ^q1/3 = 0.0171 cm2/3/sec
and
^ x 10"2 cm2/sec3.
Orosch (1972), using the data of Y/ebster (1969) in an off­
shore oceanic study, calculated 6jj as 4 x 10"^ cm2/sec3 at 
a depth of six meters and using the data of Stewart and 
Grant (1962) reported a measurement of = k,2 x 10“2 
cm2/sec3 at a depth of one meter with wave height of one- 
half meter. In a narrow tidal estuary, Blair (1976) reports 
a depth averaged value of £ D = 6.55 x 10_1 cm2/sec3. It 
appears that the value obtained in this study is consistent 
with the results of these investigators.
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CHAPTER 5 
3UKKAEY AND CONCLUSIONS 
The surface circulation of the lower Chesapeake Bay was 
examined using a Lagrangian method utilizing drifters. The 
speed and direction of the center of mass of a cluster of 
drifters was determined after removing local wind effect.
The study area has a predominately flat bottom with a mean 
depth of about seven meters and is bordered to the northeast 
by a natural channel and to the south by a dredged channel. 
Both channels have a dominant tidally reversing surface 
current with a slight clockwise rotary feature reported in 
the dredged channel to the south. The surface circulation 
in the study area was determined to be of a clockwise
rotary type, normally found offshore. The single most
important result of this study regarding circulation is the 
linear relationship between surface current direction and 
time in hours after predicted maximum flood current at 
Chesapeake Bay entrance. It is concluded that over the 
entire study area, at any given time, the surface water is
moving in a direction dictated by the tidal forces, after
wind effect is subtracted. Further, as evidenced by the 
linear relation, the current direction rotates at a constant 
rate. The influence on this circulation by the tidally 
reversing currents of the dordering channels is minimal in 
the central portion of the study area. As the channels are
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approached, there is a transition zone where the channel 
currents increasingly dominate the circulation pattern.
The rotary circulation in the study area does not appear 
to significantly influence the circulation in the channels. 
The clockwise rotary current, considered with the character­
istics of the tidal wave in the Bay, invites the possibility 
of Kelvin and Poincare type wave motion.
Regarding horizontal diffusion processes, it is con­
cluded that the "4/3 power law" is applicable in the study 
area. In at least one study in near-shore areas (Foxworthy, 
1968 and 19^9) it was concluded that the "4/3 power lav/" was 
inapplicable, or at best, fortuitous. In this study, how­
ever, using Richardson's neighbor diffusivity concepts and 
the raw position data of the drifters it is seen that the 
classical relationship between neighbor diffusivity and 
scale of the turbulence prevails. The energy dissipation 
rate is consistent with that of other investigators.
This study admittedly represents only a beginning to 
the understanding of circulation and diffusion processes in 
lower Chesapeake Bay. We are in agreement v/ith Carter and 
Ckubo (19?8) who recommend every effort be made to conduct 
well-designed field programs employing all appropriate 
methodologies (dye, drogues, current meters, etc.) in a con­
tinuing attack on the fundamental problem of turbulent 
diffusion in coastal areas. They specifically recommend: 
"...a series of diffusion experiments consisting of simul­
taneous measurements of dye diffusion, drogue dispersion, and
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currents, be conducted in an appropriate coastal area." An 
appropriate region for such a combined Lagrangian-Aulerian 
diffusion/circulation experiment, which should include 
simultaneous recording of tidal height to establish co-tidal 
lines, co-tidal ranges and the tidal wave equations, would 
be the lower Chesapeake Bay.
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APPENDIX A 
BUOY POSITIONS FROM FIELD DATA 
The buoy positions from field observations are pre­
sented here. Each table represents the buoy positions for 
one cruise as follows:
Table Al: February 8, 1979
Table A2: March 3i 1979
Table A3-' March 9» 1979
Table A4: March 20, 1979
Table A5:
Tables A6A 
and A6Bs April 24, 1979
March 21, 1979
Tables A7A 
and A7B: May 9, 1979
Table A8A 
and A8B1 August 10, 1979 
August 25» 1979Table A9:
Tables A10A, 
A10B and 
A10C: October 15» 1979
Table All: October 23» 1979








Kortb dee min sec
LongitudeV»estdee m m  sec
1 1027 37 05 01.0 76 09 58.02 1031 37 05 17.0 76 09 59.0
3 1035 37 05 18.0 76 09 36.O4 1042 37 05 09.0 76 09 27.0
5 1045 37 05 04.0 76 09 35-0
1 1123 37 05 16.2 76 09 13-22 1129 37 05 34.2 76 09 12.6
3 1134 37 05 35.4 76 08 32.44 1138 37 05 25.2 76 08 39.0
5 1142 37 05 12.0 76 08 37.8
1 1231 37 05 09.0 76 07 57.02 1237 37 05 27.0 76 07 57.0
3 1244 37 05 15.6 07 06.04 1248 37 05 03.6 76 07 17.4
5 1252 37 04 48.6 76 07 19.2
1 1256 37 04 58.2 76 07 34.82 1259 37 05 15.0 76 07 33.6
3 1305 37 05 04.2 76 06 47.44 1307 37 04 54.6 76 06 58.8
5 1310 37 04 37.8 76 07 02.4
1 1414 37 04 04.8 76 06 37.22 1418 37 04 28.8 76 06 36.6
3 1423 37 04 03.6 76 05 51.04 1426 37 03 52.2 76 06 14.4
5 1409 37 03 54.0 76 06 18.6
1 1506 37 03 28.8 76 06 33.02 1509 37 03 46.8 76 06 29.4
3 1515 37 03 26.4 76 05 45.O4 1520 37 03 21.0 76 06 10.8
5 1501 37 03 12.0 76 06 10.8
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Table A2
Buoy Time latitude Longitude
Number EST Kortji \ies%dee m m sec deg m m sec
1 0858 37 01 00.0 76 07 00.0
2 0902 37 01 06.0 76 07 00.0
3 0904 37 01 08.0 76 07 09.04 0910 37 01 03.0 76 07 13.0
5 0915 37 00 58.0 76 07 09.0
1 0920 37 00 39.6 76 07 25.22 0923 37 00 43.8 76 07 12.0
3 0924 37 00 46.8 76 07 26.44 0928 37 00 54.0 76 07 23.4
5 0926 37 00 52.2 76 07 18.0
1 1009 37 00 37.8 76 08 12.02 1017 37 00 44.4 76 07 56.4
3 1012 37 00 45.0 76 08 00.64 1015 37 00 50.4 76 08 00.6
5 1016 37 00 49.8 76 08 01.2
1 1120 37 01 01.8 76 09 25.22 1132 37 01 09.6 76 09 01.2
3 1126 37 01 07.8 76 09 06.04 1128 37 01 18.6 76 09 01.2
5 1130 37 01 15.6 76 09 01.8
1 1223 37 01 34.8 76 10 11.42 1231 37 01 40.2 76 09 • 38.4
3 1226 37 01 41.4 76 09 51.64 1229 37 01 55.2 76 09 41.4
5 1227 37 01 47.4 76 09 44.4
1 1322 37 02 09.6 76 10 30.02 1330 37 02 14.4 76 10 00.0
3 1324 37 02 16.2 76 10 12.04 1327 37 02 29.4 76 10 00.6
5 1326 37 02 19.8 76 10 01.8
1 1414 37 02 42.0 76 10 30.02 1424 37 02 44.4 76 09 54.6
3 1427 37 02 43.2 76 10 10.24 1423 37 03 00.6 76 09 51.6
5 1419 37 02 51.0 76 09 59.4
1 1438 37 02 55.8 76 10 21.02 1451 37 02 57.0 76 09 43.8
3 1441 37 02 55.2 76 10 01.84 1447 37 03 09.6 76 09 42.05 1445, 37 03 04.8 76 09 48.6




























































2 304 325 0 0925 ,3 017 250 37°-05,-00.6"N4 102 250 76 -0 9'-43.2"W
5 167 300
1 237 250
0 0948 02 309 3503 013 200 37°_04'-52.8HN4 119 250 76 -0 9'-39.0MW
5 169 350
1 222 150
2 313 200 0 10323 017 125 37°-04,-28.2"N4 131 350 76 -0 9,-2 7.6"W
5 163 425
1 277 100
2 321 350 1110
3 36O 300 37°-03,-55.8,,N4 128 175 76 -0 9'-1 5.0"W
5 162 250
1 244 125
2 293 300 0 11373 352 175 37°-03'-11.4,,N4 150 300 76 -0 8'-5 7.0”W
5 168 350
1 3 U 752 311 275 0 12333 002 375 37°-02’-09.0,,N4 131 300 76 -08*-49.2”W
5 150 325
1 292 150
2 302 2 75 0 13193 336 250 37°-01*-45.0"N4 150 175 7 6 -0 8*-4 5.6**W
5 176 200
1 259 200
2 27 6 325 1344
3 291 300 37°_Oi*-27.0"N4 188 350 76-08*-43.2"W
5 184 400
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Table A3
Buoy Bearing Range Time and
Number degrees, true yards HOLTON position
1 210 20
2 272 100 0 14013 311 125 37°-01’-13.2"N4 162 425 76 -0 8'-5 2.2,'W
5 162" 4-75
1 031 252 316 100 0 l4233 341 250 37°-00’-55.2"N4 147 325 76 -08'-59.4"W
5 148 350 '
1 360 1752 328 300 _ 1446
3 340 450 37n"00'-34.8"N4 150 250 76 -09'-11.4"W
5 149 250
1 331 1502 312 300 0 15143 327 4 75 37°_00'-21.0"N4 181 300 76 -0 9'-3 2.4"W
5 185 350
Buoy Time Latitude Longitude
Number EST North Westdeg min sec deg min sec
1 0853 37 05 04.8 76 09 5 8 .8
2 0857 37 05 11.4 76 09 58.2
3 0900 37 05 13.8 76 09 49.24 0902 37 05 07.2 76 09 42.0
5 0904 37 05 00. C 76 09 46.8
1 1552 37 00 12.C 76 10 0 7 .8
2 1555 37 00 13.2 76 10 1 8 .0
3 1600 37 00 18.C 76 10 2 2 .84 15^3 36 59 59.4 76 09 57.6
5 1547 37 00 01.6 76 10 00 .6
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Table a 4
Buoy Bearing Range Time and
Number degrees, true yards HOLTON position
1 158 800
2 156 350 0 12293 226 425 37°-00'-19.2"N4 201 550 76 -0 8'-0 7.2MW
5 169 750
1 155 6752 130 300 0 1302
3 244 275 37°_00'-01.8"N4 194 350 76 -08'-38.4"W
5 159 550
1 152 575
0 !3262 116 2503 2?2 175 36°-59'-53.4"N4 201 200 7 6 -0 8'-5 5.2"W
5 152 500
1 187 575 14082 199 250
3 249 425 36°-59’-56.4"N4 237 425 76 -0 9'-1 3.8"W
5 189 550
1 192 525
0 14262 226 1253 269 350 36^-5 9*-5 2.8"N4 250 325 76 -0 9'-2 0.4"W
5 192 525
2 007 600 ,0 15°1 „3 345 725 36°-59*-39.6”N4 355 625 76 -09,-37.2"W
3 280 300
4 265 100 37°_02'-0l.2"N 
76 -0 9*-37.8"W
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Table AU
Buoy Time Latitude Longitud e
Number EST North liastdee m m sec deg m m sec
1 1114 37 00 50.4 76 07 01.22 1116 37 00 58.2 76 07 04.2
3 1119 37 00 55.2 76 07 20.44 1129 37 00 4 5.O 76 07 2 5 .2
5 1133 37 00 36.6 76 07 19.2
1 1211 37 00 06.0 76 07 41.42 1213 37 00 15.0 76 07 44.4
3 1214 37 00 17.4 76 08 0 3 .04 1217 37 00 09-6 76 08 05.4
5 1208 37 00 09.0 76 07 46.2
1 1450 36 59 40.8 76 09 34.8
5 1450 36 59 40.8 76 09 34.8
1 1503 36 59 42.0 76 09 38.42 1513 59 59.4 09 37.8
5 1503 36 59 42.0 76 09 38.4
2 1521 37 00 03.0 76 - 09 38.4
3 1526 37 00 04.8 76 09 50.44 1524 37 00 03.0 76 09 43.2
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Table A5
Buoy Bearing Range Time and
Number degrees, true yards HOLTON position
1 189 450 1210 
37°-00*-43.8"N 
76 -07'-12.0”W
1 095 625 0 12192 063 775 37°-00’-25.8"N 
7 6 -0 7*-4 3.2"W
1 148 675 0 12242 108 500 37^-00'-35.4"N
3 - 0 76 -07'-3 8.4"W
2 O63 800 0 1237 37°-00*-12.0MN3 029 6254 - 0 76 -0 7'-5 5.8"W
1 105 300
2 054 450 0 12463 353 525 37°-00,-07.8"N4 273 375 76 -07'-5l.6"W
1 081 400
2 042 650
3 359 725 36°-59*-51.6"N4 307 375 76 -08‘-1 9.8*’W
1 13^ 475
2 081 450 .0 13363 354- 250 36°-59'-52.2”N4 235 400 76 -08'-34.2"W
1 123 450
2 073 550 .0 x3593 003 425 36°-59'-44.4mN4 242 300 76 -09'-0 0.0"W
1 110 450
2 065 600 .0 141^3 005 450 36„-59'-37.8"N4 259 250 76 -09'-l6.8"W








, Korth deg m m sec
Longitude
Lest dec m m sec
1 1147 37 00 5 8 .8 76 07 0 1 .2
2 1211 37 00 41.4 76 07 1 3 .2
3 1214 37 00 40.8 76 07 3 0 .04 1218 37 00 2 5 .8 76 07 43.2
1 1440 3 6 59 30 .6 76 09 2 8 .8
2 1507 36 59 41.4 76 09 51 • 6
3 1502 36 59 45 .6 76 10 0 1 .24 1434 36 59 35-4 76 09 45.0




Buoy Bearing Range Time and
Lumber degrees, true yards HOLTON position
1 258 200
2 124. 175 0 0932 ,3 346 100 37° 05'-03.6”N4 279 150 76 -09'-4l.4"W
5 188 200
l 261 200
2 124 300 0 10003 355 125 37°_05'-3i.2”N4 293 50 76 -0 9'-27.6"W
5 169 225
1 289 200
2 116 350 0 10233 001 250 37°.05'-48.0”N4 355 75 76 -09'-1 0.2”W
5 120 175
1 325 200
2 104 525 0 1100
3 031 300 37 -06’-04.8“N4 0 55 225 76°-08'-35.4”W
5 120 300
1 009 300




WestNumber EST dee min sec dee min sec
1 0906 37 04 33 .6 76 09 55-2
2 0921 37 04 50.4 76 09 42.6
3 0918 37 04 52.8 76 09 51.04 0912 37 04 47.4 76 09 52.2
5 0924 37 04 50.4 76 09 46.8
1 1214 37 05 57.0 76 06 5 0 .4
2 1209 37 05 42.0 76 06 31.8
3 1201 37 06 0 6 .6 76 07 01 .24 1203 37 06 02.4 76 06 57.6
5 1206 37 05 49.8 76 06 46.8
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Table A6b
Euoy Bearing Range Time and
Number degrees, true yards HOLTON position
1 084 75
2 351 25 0 !3073 221 125 37°-03,-O5.4"N4 152 175 76 -09*“35.4"W
1 056 400
2 044 375 0 13^8
3 078 75 37°-02'-09.6"N4 081 300 76 -0 9'-0 7.2”W
1 223 3252 342 225 _ 1424
3 003 200 37°-01'-28.8MN4 200 50 7 6 -Off-3 5 .4"W
1 179 2002 052 325 o 1^58
3 052 325 37°_00'-45.0"N4 114 300 76 -08'-34.2”W
1 269 4502 347 250
3 338 275 37°_00'-01.8"N4 252 175 76-08*-40.2"W
1 265 3002 086 175 . 1611
3 042 75 36°-59'-42.6"N4 176 250 76 -0 9'-1 5 .6"W
1 260 325 . 165^36°-59'-38.4"N 
76-10'-12.6"W3 203
300
1 203 250 0 *75537°-00'-01.8mN
76 -1 2'-0 3 .6"W









min sec . d e g min R P C
03 31.2 76 09 51.0
03 24.0 76 09 48.6
03 25 .2 76 09 55.8
03 15-0 76 09 . 46.2
59 27.6 76 10 03 .0
59 24.0 76 09 57.6
59 48.0 76 11 28.8




























2 059 150 0 08253 346 150 37°_04*-13.2”N4 282 150 76-09’-57.6-W
5 214 150
1 135 300
2 089 300 0 ° 8^23 017 225 37 “04’-24.6"N4 260 50 76 -lO'-Ol,2"W
5 193 200
1 124 225
2 065 275 0 °91^3 356 325 37°-04’-33.0"N4 293 75 76 -09’-57.0HW
5 193 225
1 131 375 09462 093 350
3 003 250 37° 04,-43.8,,N4 237 205 76 -0 9'-5 3.4"W
5 180 300
1 142 4 75
2 116 425 0 101?3 014 125 37°-04,-49.8"N4 186 175 76 -0 9*-4 2.0'*W
5 179 450
1 14 7 5252 125 500 0 10373 - 0 37°-04,-53.4"N4 184 250 76 -09'-35.4"W
5 179 525
1 143 6752 128 675 0 11023 - 0 37°-04’-52.2"N4 169 325 76 -*09'-24.0"W
5 171 6 00
1 135 4 252 125 550 0 11423 291 325 37«-04'-32.4mN4 214 175 76 -0 8'-56.4”W5 191 400



























































76 09 51.6 
76 09 51.0 
76 09 57.0 
76 09 58.8 
76 10 01.2













3 087 375 37°-01'-39.6"N4 053 125 76-08'-51.0"W
5 233 0 75
1 111 1252 094 100 0 *5373 080 100 37°-01'-22.8"N4 350 100 76-09'-00.0"W
5 267 275
1 108 1252 105 150 0 16113 095 250 37°-01'-09.6"N4 026 155 7 6 -09'-32.4"W
5 238 100
1 165 200
2 13^ 225 0 l643
3 120 200 37°-01'-03.0"N4 031 100 76-10’-04.8"W
5 225 175
1 123 200
2 109 250 0 17093 094 200 37°-01'-00.0"N4 019 225 76 -1 0'-36.0‘'W
5 202 175
1 131 275
0 *-7362 110 300
3 097 225 37°-01'-04.2"N4 027 325 76 -1 1'-1 5.0"W
5 208 175
1 129 4502 119 425 1806
3 112 375 37°-0l'-15.6”N4 076 375 76 -1 1'-54.0"W
5 176 350
1 144 200
2 119 175 1840
3 50 37S-01'-32.4"N4 045 325 76 -12'-28.2"W5 221 300












































37 02 18.6 
37 02 21.6 
37 02 27.0 
37 02 31.8 
37 02 19.2
76 13 13.8 
76 13 13.8 
76 13 1 6 .8  
76 13 08.4 
76 13 24.0













3 300 150 37°-02'-26.4"N4 219 225 76 -0 6'-5 5*2"W
5 219 225
1 037 300




3 000 350 37°_02'-47.4"N4 275 300 76 -0 7'-0 7.2"W
5 003 200
1 273 250
2 310 300 0 102l3 310 350 37°_03'-36.0"N4 271 750 76 -0 6‘-59‘.4"W
5 268 400
1 042 300
2 017 525 0 1052 „3 005 500 37°-03*-58.8”N4 233 500 76 -07'-12.6”W
5 031 175
1 037 600
2 020 775 0 n 333 015 750 37°_04'-49.8"N4 206 300 76 -0 7’-0 1.8”W
5 034 475
1 018 425
2 001 525 0 12213 005 550 37°-05,-57.6MN4 198 1000 76 -06'-27.0"N
5 022 100
1 291 200
2 333 400 0 12523 350 37° 06,-45.0‘,N4 1525 76 -0 5'-5 8*2”W5 300
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Table A8B
Buoy Bearing Range Time and
Number degrees, true yards HOLTON position
1 299 250 1510
2 313 175 37°-04'-00.6"N
3 0 760-10*-24.0”W4 20b 300
5 258 300
1 048 600 0 1637
2 055 600 37 -03* -31.2''N
3 075 7 00 76°-09'-58.8,,V«i+ 104 525
5 062 350
1 053 525 0 16032 055 475 37-03'-07.8"N
3 083 525 76°-09*-09.6"W4 141 500
5 080 50
1 061 475 1628
2 059 425 37°_02'-4l.4"N
3 087 450 76°-08' -21. 0"Vi
b 161 55 0
5 207 150
1 079 400 0 1653
2 072 250 37°-02*-03.0"N
3 107 375 76°-07'-2 7.0"W
b 187 725
5 228 400
1 077 300 1705
2 095 100 37°-01'-45.6"N
3 129 275 76o-06*-54.0"W
b 194 800
5 233 525
1 0$2 800 1732
2 047 650 37°-00'-45.6"N
3 063 650 7 6 -06*-25.8"W4 177 500
5 334 200












2 125 250 n 0900
3 139 150 37°-01*-10.0"N4 168 100 76 -07'-35.0”W
5 156 300
1 141 450
0 0936 „2 149 2753 170 200 37°-01'-11.0 N4 180 175 76 -0 7'-5 0.0"W
5 168 425
1 148 480
2 159 2 75 0 1010 .3 173 250 37°-01'-15*5 N4 178 225 76 -07'-55.5“W
5 173 450
1 148 4 75
2 159 275 0 10303 172 300 37°-01,-22.0"N4 177 225 76 -08'-ir.oMw
5 174 450
1 148 525
0 110£2 151 3003 175 300 37°-01,-26.0”N4 179 350 76 -0 8'-1 3.0wW
5 188 500
1 155 5752 166 350 0 11333 179 425 37°-01'-39.0"N4 176 375 76-08'-20.5"W
5 184 550
1 162 650
2 168 450 0 12033 180 525 37°_01'-45.0mN4 178 500 76 -0 8'-22.0"W
5 182 700
1 157 750
0 12362 167 5003 178 55 0 37q-01 '-52.5’'N4 171 525 76 -0 8'-1 9.0"W
5 179 750
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Table a 9
Buoy Bearing Range Time and
dumber degrees, true yards HOLTON position
1 152 750
2 157 525 0 i302
3 170 550 37°_Oi'-55.0"N4 165 540 76-08'-1 3.5”W
5 179 700
1 000 150
2 340 400 0 x329
3 327 375 37®-01'-37.5"N4 329 350 76 -0 7'-4 9.0"W
5 296 300
l 071 50
2 004 175 0 14°33 316 200 37°-01'-27.0mN4 331 125 76 -0 7'-2 8.0"W
5 282 225
1 342 200
2 341 250 0 1 ^1 63 327 325 37°_00'-51.0"N4 330 250 76-06'-50.0MW
5 303 250












2 193 300 0801 A  ^
3 157 300 37°_04'-24.6,,N4 146 460 76-08'-48.6"W
5 167 4 75
1 134 325 08242 132 175
3 103 275 37°_04,-31.2*'N4 112 475 76 -08'-42.6**W
5 128 350 •
1 091 450
0  °8^12 075 3253 080 450 37°_04'-37.2"N4 097 550 76-08*-30.0MW
5 094 500
1 206 150
2 270 200 0 0 9 2 1  ,3 243 175 37°_04'-45.6"N4 149 300 76 -0 7'-5 0.4"W
5 180 200
1 250 250
2 276 475 0  °9^3 266 325 37°_04'-43.2"N4 180 300 76 -07'-20.4MW
5 224 225
1 033 2502 325 375 0  1 0 3 0  .3 358 250 37°-04*-24.6"N4 088 400 76 -0 6'-5 5.8"W
5 054 300
1 314 125
2 296 525 0 (11033 299 300 37°-04'-09.0”N4 113 150 76 -06'-34.2mW
5 326 25
1 285 4252 289 550 1140
3 291 475 37°-03’-49.8mN4 245 225 76 -05'-53.4"W5 279 350











1 315 2502 289 750 0 12113 300 350 37°-03’-31.2"N4 122 150 76 -05'-37.8"W
5 317 225
1 300 325
0 1228 .2 288 9003 291 425 37°-03,-24.6"N4 216 50 76 -0 5'-21.0"W
5 298 300
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Table A10B
Buoy Bearing Range Time and
Number degrees,true yards HOLTON position
1 087 175
2 035 200 0 ^ l63 049 375 37°-02'-25.8"N4 076 375 76 -09'-04.8"W
5 094 300
1 086 200
2 013 225 _ 1400
3 06l 350 37°-02'-07.8hN4 096 375 76-08’-50.4"W
5 099 375
1 084 100
2 346 250 0 14303 063 300 37°-01'-58.2,,N4 102 350 7 6 -08’-42.0"W
5 095 300
1 085 175
2 338 250 0 ^ 203 080 325 37°-0i’-50.4"N4 110 4 75 76 -08'-39.6"W
5 097 375
1 173 3502 265 325 0 15553 148 350 37°_0i'-58.8"N4 152 625 76 -08’-36.0”W
5 147 425
1 185 7502 232 700 0 1634
3 175 750 37°-02'-17.4"N4 173 1000 76 -08’-33.6"W
5 170 800
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Table A10C
Buoy Bearing Range Time and
Number degrees, true yards HOLTON position
1 053 2502 020 250 0 1735 ,3 016 100 37°-02,-l8.6”N4 078 50 76 -0 8,-3 0.6"W
5 010 50
1 055 3252 025 300 0 1746 ,3 038 225 37°-02'-23.4mN4 073 200 76 -08’-32.4"W
5 035 175
1 049 250
2 018 275 o 1821 „3 037 175 37°_02’-43.8"N4 070 100 76 -08'-24.6"W
5 036 150
1 084 400
2 046 325 0 18343 081 325 37°-03'-O3.O,,N4 101 325 76 -08'-2 1.6"W
5 082 300
1 081 375
2 030 275 0 19243 076 260 37°_03'-i5.0"N4 102 225 76 -08'-04.8"W
5 077 250
1 068 400
2 013 325 0 19333 055 325 37°_03'-27.0hN4 075 175 76 -07’-43.8”W
5 051 300
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Table All
Buoy Bearing Range Time and
Number degrees, true yards HOLTON position
1 330 25
2 352 250 0 °730
3 331 325 37°-01'-l6.8*'N4 312 300 76 -0 9'-0 7.2MW
5 304 150
1 025 25
2 Oil 250 0 0748
3 352 325 37°_01,-18.0"N4 333 250 76 -0 9'-2 5.8MW
5 334 100
1 326 125
2 351 250 0822
3 333 275 37°-01'-25. 8mN4 297 275 76 -09*~52.2mW
5 306 175
1 049 75
2 031 250 0854
3 004 200 37°-01'-42.0,,N4 281 200 76 - I C - 3 3.6"W
5 - 0
1 084 175
2 042 150 Q 0927
3 054 100 37°-02'-08.4"N4 241 50 76 -ll'-12.6"W
5 127 125
1 121 125
2 018 25 0 °954 „
3 067 15 37°-02'-33.6**N4 201 75 76-11'-40.8"W
5 136 300
1 015 150
2 353 350 0 1037
3 357 300 37°_03'-i8.0”N4 357 125 7 6 -1 2'-2 2.8"W
5 076 150
1 022 250
2 005 400 0 11103 007 325 37°-04'-13.2"N4 012 200 76-12'-46.8MW
5 065 j 250
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Table All
Buoy Bearing Range Time and
Number degrees, true yards HOLTON position
1 320 1752 337 375
3 328 325 37°-05,-31.8"N4 298 175 76 -12*-55»8"W
5 - 0
1 287 752 332 225 n 1222
3 317 150 37° 06'-29.4mN4 232 175 76o-13*-03.6"W
5 136 25
1 251 252 329 125 0 12553 311 25 37°-07'-23.4mN4 19 6 250 76 -13'-05.4MW
5 195 225
1 0
2 006 100 0 13243 009 25 37°_08'-06.6"N
4 181 250 76 -12'-58.2"W
5 118 200
1 053 1002 037 175
3 037 175 37°-08*-35.4"N
4 148 225 76 -12'-50.4"W
5 064 275
1 293 2752 297 250 _ 1440
3 300 275 37°-08’-54.6"N
4 223 375 76 -1 2 '-1 5.0"W
5 338 375
1 030 2752 044 285 0 15193 034 300 37°-08'-53.4"N
4 123 350 76°-12'-12.0MW
5 030 525
1 298 200
2 301 175 0 1^ 83 289 75 37°-08*-57.6‘*N4 184 425 76°-ll*-46.2"W5 351 300
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Table All
Buoy Bearing Range Time and
Number degrees, true yards HOLTON position
1 318 500




3 352 350 37°-08'-31.2"N4 105 225 76 -1 1'-3 0.6"W
5 357 600
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APPENDIX B
WEATHER, TEMPERATURE AND SALINITY DATA,
AT̂ D SIGMA-T
The weather, temperature and salinity data are pre­
sented here with the specific gravity (rft) calculated in 
accordance with the Knudsen (1901) equations. Each table 
presents the data and sigma-t for each cruise as follows*
Table Bit February 8, 1979
Table 32: March 3, 1979
Table B3« March 9» 1969
Table B4: March 20, 1979
Table B5« March 21, 1979
Table B6i April 24, 1979
Table B7* May 9, 1979
Table B8: August 10, 1979
Table B9i August 25, 1979
Table BIO: October 15» 1979
Table 311: October 23, 1979






Time(EST) & date: 





















Wind: NW, 2.2 m/sec
Sea: calm
Swell: NW, 1-2 ft
Trial number: 1
Time(EST) & date: 




















Water depth: 9 m
Wind: calm
Sea: calm
Swell: Nw, 1 ft




Time(EST) & date: 
1338, Feb. 8, 1979
Position:
37<J_0V-27.6”N 



















Time(EST) & date: 
1453, Feb. 8, 1979
Position: 
37°-03'-17.4"N 
























Time(EST) & date: 0944, Mar.3, 1979
Wind:NE, 5*^ m/secPosition: 37°-00'-37.8"N 76-08'-12.0"W
Water depth: 7 m Sea: NE, 0.5 ft Swell: NE, 2 ft
Surface ( 1 m depth ) conditions:
Temperature: 1.84 C; Salinity: 1 6 .9 3 /oo 
(%'• 13.581
Trial number: 2 Time(EST) & date: 1045, Mar. 3 , 1979
Position; 76°Io8'-l4*4’"w 'Wind: NE, 5*8 m/sec
Water depth: 9 .5m Sea: NE, 0.5 ft Swell: NE, 2 ft
Surface ( 1 m depth ) conditions:




Water depth: 7 m
Time(EST) & date: 1150, Mar. 3 , 1979
Wind: NE, 6 .3 m/sec 
Sea:NE, 0 .5 ft Swell: NE, 2 ft
Surface ( 1 m depth ) conditions: 
Temperature: 1.69 C; Salinity: 16.81 °/oo 
<%'• 13-488
Trial number: 2 Time(EST) & date: 1235. Mar. 3, 1979
37°-01'-43.8"NPosition: 76°-09'-59.4"W Wind:NE, 4.9 m/sec
Water depth: 8 m Sea:NE, 0.5 ft Swell: NE, 2 ft
Surface ( 1 m depth.) conditions:
Temperature: 1.90 C.; Salinity: 16.54 °/oo
<£: 13.268
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Table B2
Trial number: 2 Time(EST) & date: 1333, Mar. 3 , 1979
" 3 7 • - 1 OPosition: 76^—10'—l6 8"W Wind: NE, ^.5 m/sec
Water depth: 8 m Sea: NE, 0 .5 ft Swell: NE, 2 ft
Surface ( 1 m depth ) conditions:
'Temperature: l.o7 C; Salinity: 16.72 /oo
Crt : 13.^17




Time(EST) & date: 

























Time(EST) & date: 


























Time(EST) & date: 




Water depth: 8 .8 ra 







































Time(EST) & date: 



















Water depth: 9*5 m
Wind: E, 3 . 6  m/sec
Sea: NE, 0.5 ft
Swell: -




Time(EST) & date: 

















Water depth: 9.1 m
Wind: E, 5.4 m/sec
Sea: ENE, 0 .5 ft
Swell: -
*
















1 3 .0 2
14.48




Water depth: ® *2 m
Wind: E, 5*8 m/sec
Sea: E, 0.5 ft
Swell:




Time(EST) & date: 
1448, Mar. 9, 1979
Depth
(m)
Temperature Salinity 0 1
1 5.25 13.36 10 .606
Position:
37°_00'-35.4"N
4 3.81 14.59 11.654
6 .5 3.50 14.98 11.977
76 -09'-1 5.0"W 
Water depth: 7*6 m 
Wind: SE, 6 .7 m/sec 
Sea: E, 0 .5 ft 
Swell: -
\




Time(EST) & date: 

















76 -0 7'-3 6.6"W
Water depth: 7 .6 m
Wind: N, 4.5 m/sec
Sea: N, 0.5 ft
Swell:
































Wind: N, 3 . 6  m/sec
Sea: n, 0 .5 ft
Swell: -
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Table B4





^ / o M
1433, Mar.20, 1979 13
7.43 
7 .2 8 17.5517.83
13.720
13.954













Water depth: 8.8 m 7 5.10 27.70 21.918
7.5 4.70 28.86 22.873Wind: N, 4.5 m/sec 8 4.70 30.06 23.821
Sea: n , 0.5 ft
Swell:
(
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Table B5
Trial number: 5 Depth
(m)
Temperature Salinity 
( V  0 0)































Wind: N, 4.9 m/sec
Sea: N, 0.5 ft
Swell: -
(
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Table B6
Trial number: 6 Time(EST) & date:1018, Apr. 24, 1979
Position: 76°Io9'Zi8!o"W Wind: E, 3.6 m/sec
Water depth: - m Sea: calm Swell: calm
Surface ( 1 m depth ) conditions:
Temperature: 13*46 C; Salinity: 16.34 /oo 
<£' 11.969
Trial number: 6 Time(EST) & date: 1100, Apr. 24, 1979
t* *+. 37°-06’-04.8"N „ , ,position: 76°-08'-35.4,̂ 11 Wmd:E, 3 .6 m/sec
Water depth: - m Sea: calm Swell: calm
/
Surface ( 1 m depth ) conditions:
Temperature: 12.88 °C; Salinity: 16.62 /oo 
£ 12.280
Trial number: 6 Time(EST) & date:1314, Apr. 24, 1979
r> • + • 37°-03'-01.8mN  ̂ 0 ,Position: 76o_09'-33.0”N Wind: E, 3 .6 m/sec
VJater depth: - m Sea: calm Swell: calm
Surface ( 1 m depth ) conditions:
Temperature: 13*4-5 C; Salinity: 16.09 /oo 
11*779
Trial number: 6 Time(EST) & date: 1410, Apr. 24, 1979
37°-01'-43.2"N „ ,Position: 76 -08’-38.4''W Wind:E, 3 .6 m/sec
Water depth: - m Sea: calm Swell :E, 1 ft
Surface ( 1 m depth)) conditions:
Temperature: 13*43 C.; Salinity: 16.06 /oo
<£: 11*759
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Table B6
Trial number: 6 Time(EST) & d a t e :  154-8, Apr. 24, 1979 
36°-59,-54.0"NPosition: ^S°-0Q' Wind:E, 4.5 m/sec
Water depth: - m Sea:E, 0.5 ft Swell: E, 1 ft
Surface ( 1 m depth ) conditions:
Temperature:13.77 C; Salinity:16.06 °/oo
(Tt i 11.702
Trial number: 6 Time(EST) & date:l630, Apr. 24, 1979
Position: 760Zo9'l48!6"W Wind: E, 5-8 m/sec
Water depth: - m Sea:E, 0.5 ft Swell: E, 1 ft
Surface ( 1 m depth ) conditions:
Temperature: 13*65 C; Salinity: 16.47 /oo 
12.037




Time(EST) & date: 











































Water depth: 9.1 m 
















































































Time(EST) & date: 
1145, May 9, 1979
Position: 
37°-04,-32.4”N 
7 6 -0 8•-5 6 .4"W
Water depth: 8.6 m
Wind: E, 4.9 m/sec
Depth
(m)
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Table B7









































Trial number:7 Time(EST) & date: 1540, May 9.1979
37°-01 '-22.8”N Position. 760_o9»_o4.2"W Wind: E, 4.5 m/sec
Water depth: - m Sea: E, 1 ft Swell: -
Surface ( 1 m depth ) conditions:
Temperature: 18.99 °C ; Salinity: 17.11 °/oo
Ot: 11.465
Trial number:7 Time(EST) & date: 1611, May 9.1979
37°-01' Position: 76o_o9 '_0 9.6”N 32.4"W Wind: E, 5*4 m/sec
Water depth: - m Sea: E, 1 ft Swell: —
Surface ( 1 m depth ) conditions:
Temperature: 18.98 °C ; Salinity: 16.87 °/oo
<3£ : 11.286
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Table B7
Trial number: 7 Time(EST) & date :1647. May 9. 1979
37°-01'-03.0”N Position: 76°_i o '-04!8"W Wind: E, 4.5 m/sec
Water depth: - m Sea:E, 1 ft Swell: -
Surface ( 1 m depth ) conditions:
Temperature: 18.84 C; Salinity: 17.02 /oo 
(Jl : 11.431
Trial number: 7 Time(EST) & date: 1710, May 9, 1979
01 * - 0 0  O ' NPosition: 76°-iO'-37i2MW Wind: E, 4.5 m/sec
Water depth: - m Sea:E, 1 ft Swell: -
Surface ( 1 m depth ) conditions:
Temperature:19*00 °C; Salinity:17*00 /oo 
<Tt: 11*380
Trial number: 7 Time(EST) & date:1743. May 9. 1979
^ * + * 37°-01,-04.2mN - D /Position: 75°«ii*_i5,o"W Wind:SE, 5 .8 m/sec
Water depth: - m Sea: E, 1 ft Swell: -
Surface ( 1 m depth ) conditions:
Temperature: 18.78 C; Salinity:17*02 /oo
<rt-. 11.444
Trial number: 7 Time(EST) & date: 1810, May 9, 1979
37°-01*-15.6"NPosition: 76 -11'-54.0"W Wind:SE, 5 .8 m/sec
Water depth: - m Sea: E, 1 ft Swell: -
Surface ( 1 m depthj)conditions:
Temperature: 18.19 C.; Salinity:17*11 /oo
11.643
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Table B7
Trial number: 7 Time(EST) & date:1846, May 9. 1979
Position: 760Il2'-28*2"W Wind:E, 4.5 m/sec
Water depth: - m Sea:E, 1 ft Swell:. -
Surface ( 1 m depth ) conditinns:
Temperature: 18.10 C; Salinity:17*09 /oo
: 11.647
Trial number-: 7 Time(EST) & date: 1912, May 9, 1979
37°_01*-51.6"N o-o . q /Position: 76 -12'-52.2"W Wind: 5 .0  m/sec
Water depth: - m Sea: E, 1 ft Swell: -
Surface ( 1 m depth )conditions:
Temperature: 18.12 C.; Salinity: 16.97 /°°
<£: 11.552








































Wind: WSW, 5*4 m/se :
Sea: WSW, 1 ft
Swell: -
Trial number: 8





Water depth: 9*8 m 



































Sea: SW, 1 ft
Swell: -














Water depth: 10.1m 











































Water depth: 14.3 nt 





































Sea: W, 1 ft
Swell:









76 -1 0'-5 6.4"W

































Wind: WSW ,7.2 m/sec
Sea: W, 1 ft
Swell:
•




































Wind: W, 7.2 m/sec
Sea: w, 1 ft
Swell: -
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Table B8








76 -0 7'-2 8.2"W 


























Sea: WSW, 1 ft
Swell: -








76 -0 7 '-2 3.0"W

























Sea: WSW, 0.5 ft
Swell: NE, 2 ft
Trial number: 9
Time(EST) & date: 
0945, Aug.25, 1979 
Position: 
37°-01,-11.0"N
76 -0 7 '-5 0 .o,,w




























Sea: WSW, 0.5 ft
Swell :NE, 2 ft


































Wind: WSW ,3.6 m/sec
Sea: calm
Swell: NE, 2 ft
Trial number: 9





Water depth: 7.6 m
Depth
(m)






















Swell: NE, 1 ft










































































Swell: NE, 1 ft
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
143
Table B9





































Wind: E, 7.6 m/sec
Sea; E, 1 ft
Swell: E( 2 .5 ft















































Swell: NE, 0.5 ft
•






























18 .72  













Sea: e , 0.5 ft
Swell: N, 0.5 ft









Water depth: 1 1 .3 m 
Wind: SW, 4.0 m/sec 




















































( / 0 o)
Wind: WSW,4.9 m/sec
Sea*, s , 0 .5 ft
Swell:
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Table BIO
Trial number: 1 0





Water depth: 9 .1 m 
Wind:SW,7.2 m/sec 













































Water depth: 8.2 m 
Wind: SW,6 .7 m/sec









































































Sea: SW, 0.5 ft
Swell:
Trial number: 10










Wind: SW, 5.4 m/sec
Sea:SW, 1 ft
Swell:
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Table BIO
Trial numbers 10 Time(EST) & date:l854, Oct.15, 1979 
37°-03'-04.8"NPosition: 76°-08'-22.1"W
Water depth: 9*1 m Sea:SW, 0.5 ft
Surface ( 1 m depth ) conditions






































Via ter depth: 7 .6 m
VJind: from 152°true 
3.6 m/sec 
Sea: calm



































Wind: from 134° true 
3.3 m/sec
Sea: calm
Swell: SE, 0.5 ft




























1 0 .8 5 3
10 .8 5 2
11 .035
11 .7 3 9
12 .009
12.131
12 .2 7 3
Wind:from 164°true 









Water depth: 8.2 m
Wind: from 192°true 
4.0 m/sec














































Water depth: 7 .6 m
Wind: from 174°true 
3 .6 m/sec 
Sea: calm




































Water depth: 9.1 m
Wind: from 184°true 
4.0 m/sec
Sea: calm 
























































































76 -1 2'-1 2.6"W 
VJater depth:10.7 m
















































YJater depth: 10.7 m
Wind: from 159°true 
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APPENDIX C
RECONSTRUCTED BUOY POSITIONS WITH CENTER
OF MASS
The latitude and longitude of the buoy positions with 
calculated center of mass are presented here. The methods 
utilized in position reconstruction have been discussed in 
the chapter on plotting and evaluating the data. The center 
of mass in each group is a straight linear average of the 
buoy positions for that group. Each table represents the 
reconstructed buoy positions and center of mass for each 
synoptic position for one cruise as follows:
Table Cl: February 8, 1979
Table C2: March 3, 1979
Table C3* 
Table C4: March 20( 1979
March 9» 1979
Table C5« March 21, 1979
Tables C6A and C6B: April 24, 1979
Tables C7A and C7B: May 9» 1979
Tables C8A and C8B* August 10, 1979
Table C9: August 25, 1979
Tables C10A, C10B 
and C10C: October 15, 1979 
October 2 3, 1979Table Cll:








North dee min sec _
Longitude
West dee min sec
1 37 05 06.6 76 09 43.92
1045 37 05
22.8 76 09 48.03 37 05 22.1 76 09 2 5 .24 37 05 10.4 76 09 2 9 .65 37 05 04.0 76 09 35-2CM 37 05 13.2 76 09 36.4
1 37 05 15*7 76 09 12.92 37 05 32.6 76 09 18.1
3 1123 37 05 33-0 76 08 45.74 37 05 23 .0 76 08 53.6
5 37 05 10.8 76 08 58.5CM 37 05 23 .0 76 09 01.8
1 37 05 18.1 76 08 50.42 37 05 35.3 76 08 57.2
3 1142 37 05 35.6 76 08 22.44 37 05 25.9 08 33.0
5 37 05 12.1 76 08 37.0CM 37 05 25.4 76 08 40.0
1 37 05 09.3 76 07 56.02 37 05 28.2 76 08 02.9
3 1231 37 05 23.1 76 07 21.04 37 05 14.0 76 07 35-0
5 37 04 58.9 76 07 39.9CM 37 05 14.7 76 07 4 3.O
1 37 05 00.5 76 07 38.02 37 05 18.8 76 07 41.5
3 1252 37 05 11.4 76 06 58.84 37 05 02.8 76 07 12.2
5 37 04 48.1 76 07 19.1CM 37 05 04.3 76 07 21.9
1 37 04 51.0 76 07 20.22 37 05 10.1 76 07 22.9
3 1310 37 05 01.6 76 06 43.04 37 04 53.0 76 06 56.1
5 37 04 37.6 76 07 02.0CM 37 04 5^.7 76 07 04.8
1 37 03 56.9 76 06 35.32
1426 37
04 22.1 76 06 33.2
3 37 04 01.7 76 05 49.84 37 03 51.5 76 06 13-95 37 03 40.0 76 06 13.9CM 37 03 58.4 76 06 17.2









































1 37 00 42.4 76 07 17.62 37 00 50.2 76 07 03.5
3 0915 37 00 54.8 76 07 16.94 37 00 58.9 76 07 15.8
5 37 00 57.8 76 07 08.8CM 37 00 52.8 76 07 12.5
1 37 00 35.2 76 07 48.82 37 00 40.8 76 07 30 .2
3 0945 37 00 42.5 76 07 40.64 37 00 50.1 76 07 37.0
5 37 00 48.8 76 07 35.2CM 37 00 43.5 76 07 38.4
1 37 00 45.7 76 08 5 0 .22 37 00 49.9 76 08 22.9
3 1045 37 00 52.9 76 08 31 .24 37 00 59.6 76 08 26.9
5 37 00 56.3 76 08 2 5 .8CM 37 00 52.9 76 08 31.4
1 37 01 16.4 76 09 50.12 37 01 20.1 76 09 15.9
3 1152 37 01 20.3 76 09 27.84 37 01 32.1 76 09 18.8
5 37 01 28.9 76 09 19.0CM 37 01 23.6 76 09 26 .3









Kortfr dee m m  sec
Longitude
Vies.t deg m m  sec
1 37 01 51-9 76 10 22 .2
2 37 01 51-9 76 09 49.2
3 1253 37 01 56.9 76 10 03.14 37 02 09.2 76 09 51 .6
5 37 02 01.0 76 09 54.9
CM 37 01 58.2 76 09 59.6
1 37 02 25.2 76 10 32.2
2 37 02 25.7 76 10 00.9
3 1348 37 02 28.9 76 10 13-04 37 02 41.8 76 09 59.0
5 37 02 33.2 76 10 02 .8
CM 37 02 31.0 76 10 09 .6
1 37 02 48.1 76 10 25 .8
2 37 02 46.8 76 09 53.2
3 1426 37 02 48.1 76 10 07 .04 37 03 01.6 76 09 5 0 .0
5 37 02 5^.5 76 09 57.5
CM 37 02 51.8 76 10 02.7
1 37 03 07.4 76 10 09.4
2 37 02 59.5 76 09 39.8
3 1500 37 03 01.0 76 09 53.54 37 03 14.2 76 09 35.0
5 37 03 11.2 76 09 39.2
CM 37 03 06.7 76 09 47.4








Northm m  sec
Longitude
VJes.t dee min sec1 37 04 5 6 .0 76 09 50.52
0925
37 05 06.1 76 09 53.03 37 05 07.1 76 09 39.64 37 04 58.9 76 09 33.55 37 04 52 .0 76 09 40.8CM 37 05 00 .0 76 09 43.5
1 37 04 48.9 76 09 47.0
2
0948 37 05 00 .0 76 09 49.83 37 04 58.9 76 09 37.14 37 04 49.2 76 09 30.85 37 04 43.8 76 09 36.9CM 37 04 52.1 76 09 40.3
1 37 04 24.5 76 09 32.0
2 37 04 32 .8 76 09 33.8
3 1033 37 04 32 .0 76 09 26.14 37 04 20.9 76 09 17.3
5 37 04 15 .8 76 09 22 .0CM 37 04 25 .2 76 09 26 .2
1 37 03 55-7 76 09 19.0
2 37 04 03.4 76 09 22 .8
3 1110 37 04 03 .6 76 09 15.74 37 03 52 .0 76 09 09 .0
5 37 03 48.9 76 09 11.4CM 37 03 56.7 76 09 15 .6
1 37 03 09.9 76 09 02 .0
2 37 03 14.8 76 09 08.0
3 1157 37 03 1 6 .6 76 08 59.04 37 03 03.1 76 08 52 .8
5 37 03 01.5 76 08 55.5CM 37 03 09 .2 76 08 59.5
1 37 02 09.9 76 08 51 .0
2 37 02 13.6 76 08 56.9
3 1253 37 02 20.7 76 08 49.14 37 02 02.7 76 08 40.0
5 37 01 59.7 76 08 43.3CM 37 02 09.3 76 08 48.1
1 37 01 4 6 ,0 76 08 52 .0
2 37 01 49.0 76 08 54.8
3 1319 37 01 50.5 76 08 50.94 37 01 40.0 76 08 43.2
5 37 01 38.5 76 08 46.1CM 37 01 44.8 76 08 49.4













1 37 01 26.4 76 08 51.5
2 37 01 28.1 76 08 5 6 .0
3 1344 37 01 30.2 76 08 54.24 37 01 17.8 76 08 45.5
5 37 01 15.0 76 08 4 5 .O
CM 37 01 23-5 76 08 50.4
1 37 01 12.2 76 08 5 2 .8
2 37 01 13.8 76 08 56.0
3 1401 37 01 15.4 76 08 55.04 37 01 01.0 76 08 46.5
5 37 00 59.4 76 08 46.0
CM 37 01 08.3 76 08 5 1 .2
1 37 00 55-5 76 08 59.02 37 00 57.1 76 09 03 .0
3 1423 37 01 02.0 76 09 03.O4 37 00 47.0 76 08 53-9
5 37 00 46.0 76 08 53.0
CM 37 00 53-5 76 08 58.4
1 37 00 40.3 76 09 11.2
2 37 00 42.5 76 09 17.2
3 1446 37 00 46.5 76 09 17.24 37 00 29.0 76 09 06.5
5 37 00 29.5 76 09 05.0
CM 37 00 37.6 76 09 11.4
1 37 00 25.0 76 09 35.8
2 37 00 26.8 76 09 41.5
3 1514 37 00 32.2 76 09 42.84 37 00 11.5 76 09 32.8
5 37 00 10.0 76 09 33.5
CM 37 00 21.1 76 09 37.3





WestNumber EST deg min sec deg rain sec
1 37 00 35.4 ?6 07 14.4
2 37 00 45.2 76 07 1 5 .6
3 1133 37 00 46.0 76 07 31.94 37 00 41.8 76 07 30 .0
5 37 00 36 .6 76 07 19.2CM 37 00 41.0 76 07 2 2 .2
1 37 00 08.8 76 07 39.6
2 37 00 19.0 76 07 40.3
3 1208 37 00 21.1 76 07 5 8 .64 37 00 16 .0 76 07
5 37 00 09 .0 76 07 46.8CM 37 00 14.8 76 07 48.7
1 36 59 57.0 07 57.7
2 37 00 09.0 76 08 02.6
3 1229 37 00 10.0 76 08 1 8 .84 37 00 04.0 76 08 14.3
5 36 59 57.1 76 08 02.3CM 37 00 03.4 76 08 07.1
1 36 59 43.9 76 08 27.9
2 36 59 56.0 76 08 29.0
3 1302 36 59 5 8.2 76 08 48.04 36 59 51.5 76 08 41.6
5 36 59 4 5 .6 76 08 31.9CM 36 59 5 1 .0 76 08 35.7
1 36 59 39.5 76 08 44.9
2 36 59 50.5 76 08 46.5
3 1326 36 59 54.0 76 09 02.04 36 59 49.2 76 08 57.8
5 36 59 41.1 76 08 46.5CM 36 59 46.9 76 08 51.5
1 36 59 40.0 76 09 1 6 .3
2 36 59 49.0 76 09 17.0
3 1408 36 59 5 1 .8 76 09 27.84 36 59 5 0 .0 76 09 26.9
5 36 59 40.0 76 09 18.0CM 36 59 46.2 76 09 21.2
1 36 59 38.1 76 09 25 .0
2 36 59 50.3 76 09 23.4
3 14 26 36 59 52.3 76 09 33.24 36 59 49.5 76 09 33.0
5 59 38.1 76 09 2 5 .0CM 36 59 45.7 76 09 27.9,








































1 37 00 24.0 76 07 19-2
2 37 00 35.0 76 07 18.1
3 1219 37 00 3 8 .2 76 07 34.14 37 00 2 5 .8 76 07 43.2
CM 37 00 3 0 .8 76 07 28.7
1 37 00 0 5 .2 76 07 40.8
2 37 00 15.^ 76 07 37.8
3 1246 37 00 23.0 76 07 54-.14 37 00 09.0 76 08 0 5 .8
CM 37 00 13-2 76 07 4 9 .6
1 36 59 53.5 76 08 04.4
2 37 00 0 5 .2 76 08 03.9
3 1313 37 00 12.2 76 08 20.04 36 59 58.5 76 08 30.3
CM 37 00 02.4 76 08 14.6
1 36 59 42.2 76 08 21.6
2 36 59 54.6 76 08 17.9
3 1336 37 00 00.0 76 08 35.74 36 59 46.1 7 6 08 46.2
CM 36 59 50.7 76 08 30.3
1 36 59 37.0 76 08 46.0
2 36 59 49.0 76 08 41.8
3 1359 36 59 57.0 76 08 58.94 36 59 40.2 76 09 10.2CM 36 59 45.8 76 08 54.2













1 3 6 59 3 2 .8 76 09 01.7
2 3 6 59 4 5 .1 76 08 57.6
3 1415 36 59 51.6 76 09 15.04 36 59 3 6 .0 76 09 26.3
CM 36 59 41.4 76 09 10.1
1 36 59 30.9 76 09 22.1
2 36 59 44.1 76 09 16.8
3 1434 36 59 49.0 76 09 34.24 36 59 35.4 76 09 45.0












1 37 05 03.0 76 09 48.82 37 05 02.4 76 09 36 .2
3 0932 37 05 0 6.6 76 09 42.54 37 05 0 5 .0 76 09 47.0
5 37 04 58.1 76 09 4 2.5CM 37 05 0 3 .0 76 09 43.4
1 37 05 30.9 76 09 36.42 37 05 26.9 76 09 20.0
3 1000 37 05 35.2 76 09 29.64 37 05 3 2 .2 76 09 3 0 .8
5 37 05 24.9 76 09 26.3CM 37 05 3 0 .0 76 09 28.6
1 37 05 49.2 76 09 18.12 37 05 43.3 76 08 59.2
3 1025 37 05 54.4 76 09 10.44 37 05 5 0 .0 76 09 11.2
5 37 05 43.8 76 09 04.0CM 37 05 48.2 76 09 08.6
1 37 06 09.5 76 08 40.02 37 06 00.5 76 08 16.1
3 1100 37 06 11.9 76 08 29.14 37 06 08.6 76 08 28.6
5 37 06 00.0 76 08 26.1CM 37 06 06.1 76 08 28.0
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Table C6A
Buoy Time Latitude Longitude
Number EST deg Nor34n sec _ deg Kffi* sec
1 37 06 12.9 7<> 07 56 .2
2 3*7 06 01.9 76 07 32 .2
3 1130 37 06 16 .2 76 07 49.74 37 06 12.7 76 07 49.1
5 37 06 02.8 76 07 43.9CM 37 06 09-3 76 07 46.6
1 37 06 02.1 76 07 11.3
2 37 05 45.8 76 06 4 5.O
3 1201 37 06 06.5 76 07 01.54 37 06 02.9 76 06 58.9












1 37 03 06.4 76 09 32.8
2 37 03 06.8 76 09 36.4
3 1307 37 03 02.0 76 09 38.94 37 03 01.8 76 09 32.0CM 37 03 04.2 76 09 35-0
1 37 02 15.9 76 08 55.32 37 02 17.3 76 08 57.4
3 1348 37 02 10.0 76 09 03 .24 37 02 10.4 76 08 55.0CM 37 02 13.4 76 08 57.7
1 37 01 3^*9 76 08 35*92 37 01 35.1 76 08 38.5
3 1424 37 01 21.1 76 08 44.74 37 01 27.9 76 08 36.4CM 37 01 29.8 76 08 38.9
1 37 00 51.4 76 08 24.92 37 00 51.4 76 08 24.9
3 1458 37 00 39.0 76 08 34.04 37 00 41.9 76 08 24.2CM 37 00 45.9 76 08 27.0













1 37 00 09 .0 76 08 45.02 37 00 08.8 76 08 42.93 15M 37 00 01.8 76 08 57.54 37 00 00.0 76 08 46.4CM 37 00 04.9 76 08 47.9
1 36 59 4 3.6 76 09 13.4-2
l6ll 36 59
43.2 76 09 08.8
3 36 59 41.8 76 09 26.74 36 59 35.2 76 09 15.0CM 36 59 41.0 76 09 1 6 .0
1 36 59 33.9 76 09 59.82
164 2
36 59 30.4 76 09 53.2
3 36 59 38.1 76 10 09.64 36 59 24.0 76 09 57.0CM 36 59 31.6 76 09 59.9













1 37 04 1 0 .8 76 09 53.9
2 37 04 15-4 76 09 53.0
3 0825 37 04 17.9 76 09 59.14 37 04 14.7 76 10 02.9
5 37 04 10 .0 76 10 01 .0CM 37 04 1 3 .8 76 09 58 .0
1 37 04 1 8 .2 76 09 53.3
2 37 04 24.9 76 09 50.5
3 0852 37 04 31 .8 76 09 58.44 37 04 24.5 76 10 02.3
5 37 04 1 9 .0 76 10 03 .6CM 37 04 23.7 76 09 57.6
1 37 04 28.9 76 09 50 .0
2 37 04 36.7 76 09 47.5
3 0915 37 04 42.3 76 09 58.14 37 04 34.0 76 10 00 .0
5 37 04 25.9 76 09 58.9CM 37 04 33.6 76 09 54.9
1 37 04 37.1 76 09 43 .5
2 37 04 43.9 76 09 40.5
3 0946 37 04 5 0 .8 76 09 52.94 37 04 40.2 76 10 00.5
5 37 04 35.0 76 09 54.9CM 37 04 41.4 76 09 50.5
1 37 04 38.9 76 09 30.9
2 37 04 43.5 76 09 27.1
3 1017 37 04 53.1 76 09 40.74 37 04 4 5.O 76 09 42.9
5 37 04 35.8 76 09 41.2CM 37 04 43.3 76 09 36.6
1 37 04 39.8 76 09 24.5
2 37 04 44.5 76 09 20.8
3 1037 37 04 53.5 76 09 35.64 37 04 46.1 76 09 36.3
5 37 04 38.0 76 09 35-0CM 37 04 44.4 76 09 30.4
1 37 04 36.O 76 09 08.9
2 37 04 40.0 76 09 04.6
3 1102 37 04 51.4 76 09 23.94 37 04 42.2 76 09 21.9
5 37 04 34.1 76 09 20.6CM 37 04 40.7 76 09 16.0
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Table C?A
Buoy Time Latitude Longitude
Number EST North West
deg m m sec deg m m sec
1 37 04 24.5 76 08 45.4
2 37 04 23-9 76 08 39.8
3 1142 37 04 35.9 76 09 07.34 37 04 29.0 76 09 00.0
5 37 04 20.8 76 08 58.4CM 37 04 26.8 76 08 54.2
1 37 03 39.0 76 08 19.82 37 03 39.5 76 08 11.5
3 1245 37 03 45.6 76 08 4 9 .84 37 03 39.6 76 08 33.5












1 37 01 36.5 76 08 34.8
2 37 01 39.1 76 08 35-8
3 1511 37 01 40.2 76 08 37.04 37 01 42.1 76 08 47.1
5 37 01 38.3 76 08 53.2CM 37 01 39.2 76 08 41.6
1 37 01 21.1 76 08 55.8
2 37 01 22.9 76 08 55.6
3 1537 37 01 23.9 76 08 56.14 37 01 25.6 76 09 01.3
5 37 01 22.6 76 09 09.9CM 37 01 23.2 76 08 59.7
1 37 01 08.4 76 09 28.0
2 37 01 08.8 76 09 2 6 .8
3 1611 37 01 08.9 76 09 22.54 37 01 14.0 76 09 29.8
5 37 01 08.0 76 09 35.7CM 37 01 09.6 76 09 28.6
1 37 00 57.3 76 10 02.82
1643 37
00 59.1 76 09 58.6
3 37 01 00.8 76 09 58.74 37 01 05.9 76 10 03.3
5 37 00 59.3 76 10 09.7CM 37 01 00.5 76 10 02.4
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1 37 00 56.7 76 10 2 9 .8
2 37 00 57.0 76 10 2 6 .8
3 1709 37 01 00.0 76 10 28.54 37 01 06.0 76 10 32.9
5 37 00 55.1 76 10 38 .6CM 37 00 59.0 76 10 31.3
1 37 00 58.8 76 11 07.3
2 37 01 00.9 76 11 04.1
3 1736 37 01 03.0 76 11 0 6 .64 37 01 13.1 76 11 09.1
5 37 00 59.0 76 11 19.2CM 37 01 03.0 76 11 09.3
1 37 01 06.6 76 11 40.6
2 37 01 09.1 76 11 40.2
3 1806 37 01 11.8 76 11 40.64 37 01 18.2 76 11 40.3
5 37 01 04.6 76 11 53.2CM 37 01 10.1 76 11 43.0
1 37 01 27.1 76 12 24.0
2 37 01 29.2 76 12 22.5
3 1840 37 01 32.0 76 12 26.84 37 01 39.1 76 12 19.5
5 37 01 25.9 76 12 35.8CM 37 01 30.7 76 12 25.7
1 37 01 41.4 76 12 44.3
2 37 01 42.1 76 12 43.2
3 1903 37 01 47.2 76 12 47.64 37 01 51.1 76 12 38.2
5 37 01 4 6.5 76 12 56.5CM 37 01 45.7 76 12 46.0
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1 37 02 21.8 76 06 56.02 37 02 26.2 76 06 5^.7
3 0749 37 02 28 .6 76 07 00.04 37 02 22.2 76 07 00.3
5 37 02 22.2 76 07 00.3CM 37 02 24.2 76 06 58.3
1 37 02 30.5 76 07 04.22 37 02 3 5.4 76 06 59.0
3 0905 37 02 38.1 76 07 06.84 37 02 26 .2 76 07 11.8
5 37 02 31.3 76 07 07.0CM 37 02 32.3 76 07 0 5 .8
1 37 02 53.5 76 07 07.12 37 02 56.5 76 07 04.1
3 0921 37 02 58.2 76 07 07.14 37 02 49.1 76 07 19.4
5 37 02 53-5 76 07 08.2CM 37 02 54.2 76 07 09 .2
1 37 03 36.8 76 07 0 9 .82 37 03 42.0 76 07 08.1
3 1025 37 03 43.3 76 07 09.74 37 03 37.3 76 07 27.2
5 37 03 36.2 76 07 14.5CM 37 03 39.1 76 07 13.9
1 37 04 05.4 76 07 05.72 37 04 14.0 76 07 0 7 .8
3 1053 37 04 14.1 76 07 11.24 37 03 50 .2 76 07 27.45 37 04 03.9 76 07 0 9 .2CM 37 04 05.5 76 07 12.3
1 37 05 O3 .6 76 06 48.12 37 05 10.9 76 06 51.53 1133 37 05 11.7 76 06 54.54 37 04 41.2 76 07 07.35 37 05 01.3 76 06 53.0CM 37 05 01.8 76 06 54.9
1 37 06 10.9 76 06 21.82 37 06 13.8 76 06 26.2
3 1221 37 06 14.7 76 06 24.44 37 30.5 76 06 38.55 37 06 00.7 76 06 25.1CM 37 06 02.1 76 06 27.2
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Table C8A
Buoy Time Latitude Longitud e
Number EST deg_
North West
min sec deg min sec
1 37 06 46.8 ~7b 06 "05". 6“
2 37 06 55.9 76 06 06.7
3 1252 37 06 56.2 76 06 00.34 37 06 01.0 76 05 46.5
5 37 06 35-5 76 05 58.8CM 37 06 39.1 76 05 59.6
Table C8B
Buoy Time Latitude Longitude
Number EST North West
deg min sec deg min sec
1 37 04 "04.2 " 75 10 " H ' T T2 37 04 04.0 76 10 28.1
3 1510 37 04 00.6 76 10 23.94 37 03 52.6 76 10 28.9
5 37 03 58.2 76 10 35.0CM 37 03 59.9 76 10 29.4
1 37 03 43.3 76 09 42.52 37 03 41.5 76 09 40.4
3 1537 37 03 37.0 76 09 33.24 37 03 27.3 76 09 38.9
5 37 03 36.4 76 09 47.0CM 37 03 37.1 76 09 40.4
1 37 03 17.3 76 08 54.22 37 03 16.5 76 08 54.9
3 1603 37 03 09.9 76 08 49.84 37 02 57.0 76 08 57.1
5 37 03 08 .3 76 09 08.0CM 37 03 09.8 76 08 56.8
1 37 02 49.7 76 08 O5 .82 37 02 49.0 7 6 08 07 .0
3 1628 37 02 4 3.O 76 08 04.64 37 02 26.3 76 08 14.0
5 37 02 38.1 76 08 24.0CM 37 02 41.2 76 08 11.1













i 37 02 0 5 .8 76 07 12 .0
2
1653
37 02 05.4 76 07 I8 .3
3 37 02 0 0 .0 76 07 12.94 37 01 42.0 76 07 32.75 37 01 55.1 76 07 37.1CM 37 01 57.7 76 07 2 2 .6
1 37 01 46.9 76 06 42.9
2 37 01 45.1 76 06 5 0 .0
3 1705 37 01 40.4 76 06 46.14 37 01 2 2 .0 76 07 01.4
5 37 01 35.5 76 07 09 .6CM 37 01 38.0 76 06 54.0
1 37 01 01.0 76 06 02.12 37 00 59.3 76 06 08.2
3 1732 37 00 54.8 76 06 04.04 37 00 31.1 76 06 25 .2
5 37 00 5 0 .8 76 06 29.5CM 37 00 51.4 76 06 13.8













1 37 01 02 .5 76 07 2 3 .8
2 37 01 0 5 .0 76 07 26.9
3 0900 37 01 06 .5 76 07 30.44 37 01 07.1 76 07 34.0
5 37 01 01 .9 76 07 30.1CM 37 01 04.6 76 07 29.1
1 37 01 01.1 76 07 39.8
2 37 01 04.2 76 07 44.0
3 0936 37 01 04.9 76 07 48.24 37 01 05.9 76 07 5 0 .0
5 37 00 58.8 76 07 4 6 .5CM 37 01 0 3 .0 76 07 45.3
1 37 01 04.0 76 07 46.1
2 37 01 08.1 76 07 51.5
3 1010 37 01 08.5 76 07 54.84 37 01 08.9 76 07 55.^
5 37 01 02.8 76 07 53.5CM 37 01 O6 .5 76 07 5 2 .2
1 37 01 10.5 76 08 02.22 37 01 14.6 76 08 07.4
3 1030 37 01 13.8 76 08 10.04 37 01 15.1 76 08 11.1
5 37 01 09 .0 76 08 10.0CM 37 01 12.6 76 08 08.1
1 37 01 13.4 76 08 03.1
2 37 01 18.6 76 08 07-9
3 1106 37 01 17.1 76 08 12.24 37 01 15.5 76 08 12.7
5 37 01 11.6 76 08 1 5 .8CM 37 01 15 .2 76 08 10.3
1 37 01 23 .8 76 08 11.1
2 37 01 28.7 76 08 17.0
3 1133 37 Cl 26.9 76 08 20.04 37 01 28.1 76 08 19.5
5 37 01 22.9 76 08 22.1CM 37 01 26.1 76 08 17.9
1 37 01 27.2 76 08 14.1
2 37 01 3 2 .2 76 08 18.1
3 1205 37 01 29.7 76 08 21.84 37 01 30 .6 76 08 21.0
5 37 01 24.5 76 08 22.8CM 37 01 28.8 76 08 19.6
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Table C9
Buoy Time Latitude Longitud eNumber EST North Westdeg min sec deg min sec
1 37 01 32.5 76 08 08.8
2 37 01 38 .0 76 08 15.0
3 1236 37 01 36.2 76 08 18.24 37 01 37.2 76 08 16.55 37 01 31.0 76 08 18.7CM 37 01 35.0 76 08 15.4
1 37 01 36 .0 76 08 00.3
2 37 01 40.9 76 08 06.0
3 1302 37 01 39.3 76 08 10.04 37 01 40.5 76 08 08.8
5 37 01 34.8 76 08 13.0CM 37 01 38.3 76 08 07.6
1 37 01 42.2 76 07 48.9
2 37 01 48.4 76 07 53.9
3 1329 37 01 46.8 76 07 56.74 37 01 46.6 76 07 55.55 37 01 41.6 76 07 58.8CM 37 01 45.1 76 07 54.8
1 37 01 27 .8 76 07 26.2
2
1405
37 01 32.1 76 07 27.9
3 37 01 31.5 76 07 33.54 37 01 30.9 76 07 30.5
5 37 01 28.6 76 07 36.1CM 37 °1 30 .2 76 07 30.8
1 37 00 57.0 76 06 52.5
2
1516
37 00 57.6 76 06 53.2
3 37 00 59.1 76 06 56.44 37 00 58.1 76 06 5^.9
5 37 00 54.8 76 06 58.2CM 37 00 57.3 76 06 55.0













1 37 04 11.2 76 08 49.0
2 37 04 16.1 76 08 51.1
3 0801 37 04 16.1 76 08 43.74 37 04 13-2 76 08 39.1
5 37 04 11.0 76 08 44.6CM 37 04 13-5 76 08 45.5
1 37 04 24.6 76 08 33.52 37 04 28.3 76 08 37.8
3 0824 37 04 29.8 76 08 32.94 37 04 26.4 76 08 26.0
5 37 04 25-7 76 08 31.8CM 37 04 27.0 76 08 32.4
1 37 04 36.8 76 08 13.1
2 37 04 40.0 76 08 18.2
3 0851 37 04 39.8 76 08 13.94 37 04 35-5 76 08 10.2
5 37 04 36.6 76 08 11.2CM 37 04 37.7 76 08 13.3
1 37 04 41.6 76 07 53.4
2 37 04 45.2 76 07 58.5
3 0921 37 04 43.1 76 07 5 6 .64 37 04 37.8 76 07 45.1
5 37 04 39.5 76 07 5 0 .8CM 37 04 41.4 76 07 52.9
1 37 04 40.8 76 07 29.1
2 37 04 44.9 76 07 38.3
3 0957 37 04 42.7 76 07 32.94 37 04 34.6 76 07 20.1
5 37 04 38.8 76 07 26.0CM 37 04 40.4 76 07 29.3
1 37 04 30.6 76 06 5 0 .62 37 04 33.0 76 07 03 .8
3 1030 37 04 31.5 76 06 56.44 37 04 24.9 76 06 40.6
5 37 04 29.0 76 06 46.8CM 37 04 29.8 76 06 51 .6
1 37 04 11.8 76 06 38.02 37 04 15.9 76 06 50 .8
3 1103 37 04 , 14.0 76 06 44.14 37 04 07.2 76 06 29.2
5 37 04 09.9 76 06 35.0CM 37 04 11.8 76 06 39.4













1 37 03 53.0 76 06 09.32 37 03 55.2 76 06 1 3 .2
3 1140 37 03 55.0 76 06 09.84 37 03 47.2 76 06 01.2
5 37 03 51.9 76 06 06.8CM 37 03 52.5 76 06 08.1
1 37 03 36.9 76 45.02 37 03 37.2 76 06 00.4
3 1211 37 03 3 6.7 76 05 49.94 37 03 29.0 76 05 3 2 .8
5 37 03 35-9 76 05 4 3 .6CM 37 03 35-1 76 05 46.4
1 37 03 29.5 76 05 31.62 37 03 32.8 76 05 53*0
3 1228 37 03 29-3 76 05 36.14 37 03 2 3 .6 76 05 2 3.O












1 37 02 26.2 76 08 58.62 37 02 31.1 76 09 00.0
3 1316 37 02 33.2 76 08 54.24 37 02 29.0 76 08 51.4
5 37 02 25.4 76 08 53.6CM 37 02 29.0 76 08 55-6
1 37 02 08.1 76 08 42.42 37 02 15 .0 76 08 48.7
3 1400 37 02 12.9 76 08 39.04 37 02 07.0 76 08 37.5
5 37 02 06.0 76 08 37.2CM 37 02 09.8 76 08 41.0













1 37 01 58.6 76 08 37.7
2 37 02 04.1 76 08 43 .6
3 1430 37 02 02.2 76 08 31.44 37 01 55.9 76 08 29.0
5 37 01 57.4 76 08 30.5
CM 37 01 59.7 76 08 34.4
1 37 01 51 .0 76 08 33-1
2 37 01 58.1 76 08 42.9
3 1520 37 01 51.7 76 08 27.54 37 01 45 .2 76 08 22.6
5 37 01 49.1 76 08 26.2
CM 37 01 51.0 76 08 3O .5
1 37 01 48.9 76 08 33-9
2 37 01 57.2 76 08 48.0
3 1555 37 01 49.5 76 08 28.94 37 01 42.5 76 08 25 .0
5 37 01 48.0 76 08 27.2CM 37 01 49.2 76 08 32.6
1 37 01 55.1 76 08 36.O
2 37 02 05 .0 76 08 53-6
3 1634 37 01 55.4 76 08 30.24 37 01 47.8 76 08 28.9
5 37 01 53.9 76 08 28.0CM 37 01 55.4 76 08 35.3









‘ deg min sec
Longitude 
West 
• deg min sec
1 37 02 23-2 76 08 23 .0
2 37 02 25.9 76 08 27.5
3 1735 37 02 21.9 76 08 29.94 37 02 19.2 76 08 28.4
5 37 02 20.5 76 08 29.6CM 37 02 22.2 76 08 27.7
1 37 02 29.0 76 08 22.7
2 37 02 31.3 76 08 27.9
3 1746 37 02 28.9 76 08 27.84 37 02 24.9 76 08 25.3
5 37 02 27.8 76 08 28.8CM 37 02 28.2 76 08 26.5
1 37 02 48.9 76 08 17.2
2 37 02 5 2 .0 76 08 21.6
3 1821 37 02 48.2 76 08 20.84 37 02 44.9 76 08 21.4
5 37 02 48.0 76 08 21.7CM 37 02 48.4 76 08 20.6
1 37 03 04.4 76 08 06.82 37 03 10.5 76 08 12.8
3 1854 37 03 04.7 76 08 09.64 37 03 01.3 76 08 09.7
5 37 03 04.4 76 08 10.9CM 37 03 05.1 76 08 10.0
1 37 03 1 6 .2 76 07 51.32 37 03 21.8 76 08 00.0
3 1924 37 03 17.0 76 07 55.64 37 03 11.2 76 07 54.9
5 37 03 16.1 76 07 55.5CM 37 03 16.5 76 07 55.5
1 37 03 31.7 76 07 29-52 37 03 36.4 76 07 40.4
3 1955 37 03 32.7 76 0? 33.34 37 03 28.4 76 07 37.2
5 37 03 3 2 .8 76 07 35.0CM
\
37 03 32.4 76 07 35.1














1 37 01 17.9 76 09 08.1
2 37 01 24.3 76 09 08.9
3 0730 37 01 25.1 76 09 13-54 37 01 2 2 .8 76 09 15.8
5 37 01 19 .8 76 09 11.7CM 37 01 2 2 .0 76 09 11 .6
1 37 01 19.4 76 09 25.O
2 37 01 25.4 76 09 24.1
3 0748 37 01 27.3 76 09 27.44 37 01 24.5 76 09 30.0
5 37 01 2 1 .0 76 09 27.7CM 37 01 23.5 76 09 26.9
1 37 01 29.5 76 09 55.0
2 37 01 33-8 76 09 53.6
3 0822 37 01 33.1 76 09 57.04 37 01 30 .0 76 10 01.2
5 37 01 2 9 .2 76 09 57.6CM 37 01 31.1 76 09 56.9
1 37 01 43.5 76 10 31.1
2 37 01 48.2 76 10 28.9
3 0854 37 01 48.0 76 10 33.24 37 01 43.2 76 10 40.9
5 37 01 42.1 76 10 33.8CM 37 01 45.0 76 10 33.6
1 37 02 0 9 .0 76 11 06.1
2 37 02 12.1 76 11 08.8
3 0927 37 02 10.1 76 11 09.84 37 02 0 7 .8 76 11 14.7
5 37 02 0 6 .2 76 11 08.9CM 37 02 0 9 .0 76 11 09.7
1 37 02 31 .2 76 11 36.9
2 37 02 34.6 76 11 40.2
3 0954 37 02 33-9 76 11 40.04 37 02 31.5 76 11 41.9
5 37 02 27.1 76 11 33-0CM 37 02 31.7 76 11 38.4
1 37 03 2 2 .2 76 12 20.9
2 37 03 28.2 76 12 24.1
3 1037 37 03 26.9 76 12 23.04 37 03 2 2 .0 76 12 23.05 37 03 19.0 76 12 17.0CM 37 03 23.7 76 12 21.6












1 37 04 20.2 76 12 4 3.O2 37 04 25 .2 76 12 45.0
3 1110 37 04 22.8 76 12 45.14 37 04 19.0 76 12 45.1
5 37 04 16 .3 76 12 38.2CM 37 04 20.7 76 12 43.3
1 37 05 36.1 76 12 59.82 37 05 42.0 76 13 01.03 1152 37 05 39.2 76 13 00.54 37 05 34.8 76 13 00.85 37 05 32.0 76 12 55.8CM 37 05 36.8 76 12 59.6
1 37 06 30.0 76 13 06.22 37 06 35-1 76 13 07.83 1222 37 06 32.5 76 13 07.14 37 06 26.0 76 13 09.15 37 06 29.0 76 13 03 0CM 37 06 30.5 76 13 0 6.6
1 37 07 23 .0 76 13 O6 .32 37 07 27.0 76 13 08.03 1255 37 07 24.3 76 13 06.14 37 07 16.6 76 13 08.05 37 07 17.5 76 13 07.9CM 37 07 21.7 76 13 07.3
1 37 08 06.5 76 12 58.72 37 08 10.0 76 12 57.2
3 1324 37 08 07.4 76 12 57.84 37 07 58.8 76 12 5 8 .4
5 37 08 04.0 76 12 51.6CM 37 08 05.3 76 12 56.7
1 37 08 37.0 76 12 47.02
1356 37
08 39.2 76 12 46.8
3 37 08 39.2 76 12 46.84 37 08 29.8 76 12 46.8
5 37 08 38.1 76 12 42.2CM 37 08 36.7 76 12 45.9
1 37 08 58.1 76 12 25.02
1440 37
08 58.2 76 12 23.33 37 09 00.0 76 12 24.04 37 08 47.0 76 12 24.85 37 09 06.1 76 12 20.6CM 37 08 57.9 76 12 22*5








North deg min sec
Longitude 
West deg min sec
1 37 09 01.3 76 12 07.92 37 09 00.0 76 12 04.6
3 1519 37 09 01.8 76 12 05.94 37 08 48.0 76 12 01.8
5 37 09 07.8 76 12 02.1CM 37 08 59.8 76 12 04.5
1 37 09 00.0 76 11 5 2 .02 37 09 00.0 76 11 50.9
3 1548 37 08 57-5 76 11 48.14 37 08 44.5 76 11 47.4
5 37 09 05 .8 76 11 47.8CM 37 08 57.6 76 11 49.2
1 37 08 51.2 76 11 40.12 37 08 48.1 76 11 3 5.43 1624 37 08 50 .2 76 11 38.84 37 08 37-9 76 11 33-5
5 37 08 57.3 76 11 35-1CM 37 08 48.9 76 11 3 6 .6
1 37 08 42.4 76 11 33.22
1645
37 08 39.5 76 11 28.9
3 37 08 41.4 76 11 31.84 37 08 29.8 76 11 21.5
5 37 08 49.0 76 11 30.9CM
____
37 08 40.4 76 11 29.3




This appendix contains the principle computer programs 
written by the author for the purpose of this dissertation. 
Two FORTRAN programs are listed i 1) DIFFA, and 2) DSQTA.
The program DIFFA calculates Richardson's neighbor 
diffusivity for five buoys and sorts the diffusivity into 
desired scales of mean separation distance. The mean 
separation distance for all values used in a particular 
scale is also provided. Input is simply the synoptic time 
and latitude/longitude of each buoy.
The program DSQTA calculates the mean square separation 
distance between buoys and the neighbor diffusivity for each 
time interval, for five buoys. The cumulative mean square 
separation distance and cumulative time are provided. Input 
is the same as for program DIFFA.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 8 1
((( P R O G R A M  DIFF A.F O R  )))
D I M E N S I O N  O S A V E ( 1 0 0 0 ) , O L A V E U O O O ) , D M A V E ( 1 0 0 0 ) , D P A V E { 1000),
2 N S E C C 5 0 0 ) , T L A ( 1 0 0 0 ) , D L S Q S M ( 2 0 0 ) , D L S Q M M ( 2 0 0 ) , D L S Q L M ( 2 0 0 ) ,
3 TLO (1000 ), I H O U R  (1000 ), I M I M d O O O  ), O I S T U O ,  200 ),DI5TSQ (10, 200),
4 D A V E ( 1 0 , 2 0 0 ) , T L A D ( 1 0 0 0 ) , T L O D ( 1 0 0 0 ) , B U O Y ( 1000),
5 U G A V E ( 1 0 0 0 ) , C I F F S ( 1 0 0 0 ) , O I F F M ( 1 0 0 0 ) , D L S B G M ( 200),
6 D I F F L ( 1 0 0 0 ) , D I F F G ( 1 0 0 0 ) , D L S O P M ( 2 0 0 ) , D I F F ? (1000)
OP E N  (U N I T = 1 , F I L E = * R U N 1 0 C . D A T ' )
TYPE 2
A C CEPT * , K T I M E S
00 1 I = 1 , X T I M E S
READ (1,3) I H O U R ( I ) , I M I N ( I ) , B U O Y ( I ) * T L A ( I ) , T L O ( I )
C P R O G R A M  S O R T S  D I F F  C O E F F  INTO S C A L E S  (MEAN D I S T A N C E  B E T W E E N  BUOYS)
C OF 1800 TO 3000 M,
C 1200 TO 1800 M , 3 0 0  TO 1200 M,400 TO 800 M AND 100 TO 4 0 0 M ..........
C IF ANY MEAN D I S T A N C E  IS OVER 3 0 0 0  M , P R O G R A M  D E F A U L T S . . . .
C THI S  P R O G R A M  FOR F I V E  B U O Y S . . . U S E  D I F F B . F O R  FOR FO U R  B U O Y S ( R U N S  5,6B)
C DATA INPUT 13 H O U R , M I N , B U O Y ( W I T H  '6' F O R  C E N T E R  OF HASS),
C LAT IN MIN N O R T H  OF 3 7 N , L 0 N G  IN MIN WE S T  OF 75W
C ( E X C E P T  N O R T H  OF 3 6 - 5 9 N  FOR RU N S  4,5,6B)
C IN F O L L O W I N G  F O R M A T : X X  XX X X X . X X X  X X . X X X
3 F O R M A T ( 1 2 , 1 X , I 2 , 1 X , I 1 , 1 X , F 6 . 3 , 1 X , F 6 . 3 )
C WRITE (5,3) I H O U R ( I ) ,  I M I N ( I ),3 U 0 Y (I ) , T L A ( I ) , T L Q ( I )
1 C O N T I N U E
C STOP
1 = 1 
JJ=1
24 T L A D ( 1 ) = A B S ( T L A ( I ) - T L A ( I + 1 ) )
T L A D ( 2 ) = A B S ( T L A ( I + l ) - T L A ( I + 2 ) )
T L A D ( 3 ) = A B S ( T L A ( I + 2 ) - T L A ( I + 3 ))
T L A D ( 4 ) = A B S ( T L A ( I + 3 ) - T L A ( I + 4 ) )
T L A D ( 5 ) = A B S ( T L A ( 1 + 4 ) - T L A ( I ))
T L A D ( 6 ) = A 8 S ( T L A ( I ) - T L A ( I + 2 ) ) 
T L A D ( 7 ) = A R 5 ( T L A ( I ) - T L A ( I + 3 ) )  
T L A D ( B ) = A B S ( T L A ( I + l ) - T L A ( I + 3 ) )
T LAD(9) = A B S ( T L A ( I  + l')-TLA(I+4)) 
T L A D ( 1 0 ) = A B S ( T L A ( I + 2 ) - T L A ( I + 4 ) )  
T L 0 0 ( 1 ) = A E S ( T L Q ( I ) - T L 0 ( I + 1 )) 
T L O D ( 2 ) = A B S ( T L O ( I + l ) - T L O ( I + 2 ) )
T L 0 D ( 3 ) = A B S ( T L Q ( I + 2 ) - T L Q ( I + 3 ))
T L O O ( 4 ) = A B S ( T L Q ( I + 3 ) - T L O ( 1+4))
T L 0 D ( 5 ) = A B S ( T L 0 ( I + 4 ) - T L 0 ( I ) )
T L 0 D ( 6 ) = A B S ( T L 0 ( I ) - T L 0 ( I + 2 ) )
T L 0 D ( 7 ) = A B S ( T L 0 ( I ) - T L 0 ( 1+3))
T L 0 D ( 8 ) = A B S ( T L Q ( I + 1 ) - T L 0 ( 1+3)) 
T L 0 D ( 9 ) = A B S ( T L 0 ( I + l ) - T L 0 ( I + 4 ) )  
T L O D ( 1 0 ) = A B S ( T L O ( I + 2 ) - T L O ( I + 4 ) )
DO 5 L = l , 10
D I S T ( L , J J ) = S Q R T ( ( T L A D ( L ) * 1 8 4 9 6 0 . ) * * 2 . + ( T L O D ( L ) *148275.) 
2 **2.)
C ABOVE C A L C U L A T E S  D I S T A N C E  B E T W E E N  B U O Y S . . . . I N  CM...
5 C O N T I N U E  
J J = J J + 1  
1 =1+6
IF (I .GT. K T I M E S ) G O  TO 6 
GO TO 24
6 JK=1
C TY P E  *,DIST
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C P A U S E  1
25 D O  7 1=1/10
C C A L C U L A T E  S O U A R E  OF D I S T A N C E  D I F F E R E N C E . . . .
D I S T S Q ( I , J X ) = ( D I S T ( I / J K » 1 ) - D I S T ( I , J K ) ) * * 2 .
7 C O N T I N U E  
J K = J K + 1  
N 0 X = K 7 I M S S / 8 .
IF (JK .SO. N Q X ) G O  TO 26 
GO TO 25
26 !CX=1
C T Y P E  * / D I S T S 3
C P A U S E  2
8 D O  9 1=1/10
C C A L C U L A T E  HEAN D I S T A N C E  B E T W E E N  B U O Y S . . . .
D A V E I I , K K ) = ( D I S T ( I / K K + l ) + O I S T ( I / K K ) ) / 2 .
9 C O N T I N U E  
KK=KK+1
IF ( KX .EQ. N O X ) G Q  TO 10 
C T Y P E  * , D I F F G M / D I F F S M
C P A U S E  7
GO TO 8
C C O N V E R T  M I L I T A R Y  T I M E  TO S E C O N D S ......
10 KL=1
C T Y P E  */D A V E
C P A U S E  3
M N = N O X - l .
DO 11 I=1/MN
N S E C ( I ) = ( ( (I H O U R ( K L + 6 ) ) * 3 6 0 0 . ) + ( ( I M I N ( K L + 6 ) ) * 6 0 . )) 
2 - ( ( ( I H O U H ( X L ) ) * 3 6 0 0 . ) + < ( I M I N ( K L ) ) * 6 0 . ) )
K L = K L + 6
11 C O N T I N U E
C T Y P E  *,NSEC
C P A U S E  6
A = 10000.
9=80000.
C = 4 0 0 0 0 .
D = 1 2 0 0 0 0 .
E = 1 8 0 0 0 0 .
F = 3 0 0 0  00.
C S O R T  DIFF CO E F F  INTO D I S T A N C E  S C A L E S . . . .
M M = 0  
N N = 0  
J N = 0  
K N = 0  
XE = 0 
<CS=0
DO 15 J=1/MN 
S U M  2=0.
K A = 0  
S U M 4=0.
K 3 = 0  
S U M 6=0.
KC=0
S U M 8 = 0 .
K D = 0
S U M 1 0 = 0 .
KF = 0
DO 14 1=1/10
IF C D A V £(I/J) .GE. F ) G Q  TO 61
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IF ( D A V E f l / J )  .GE. E ) G O  TO 23
IF ( O A V E d / J )  -GE. D) GO TO 31
IF ( O A V E ( I , J )  .GE. 3 ) G O  TO 16
IF ( D A V E < I / J )  .GE. O G O  TO 17
I F {D A V E ( I / J ) .LE. A)GO TO 71 
C OPAVE = MEAN 18 0 0  TO 3000 K ; O G A V E =  M E A N  1200 T O  1800 M ; D L A V E =  MEA N  800
C TO 1200 M ; D M A V E =  MEAN 400 TO 800 M ; D S A V E =  M E A N  B E L O W  4 0 0 M .........
C AND D I F F P / D I F F G / D I F F L ^ D I F F M / 0 I F F 5  T H E  R E S P E C T I V E  DIFF COEFF. MEANS...
C ......( F O R  T H E  TIME F R A M E S ) ......
M.M=MH+1 
X A = K A + 1 
K=J
S U M 2 = S 0 M 2 + 0 I S T S G < I , J )
0 L S Q S M ( K ) = S U M 2 / ( X A )
D I F F S ( K ) = 0 L S Q S H ( K ) / ( ( H S E C ( J ) ) « 2 . >
D S A V E ( H M ) = D A V E ( I , J )
GO TO 14 
17 N N = N N + 1
KB= K B + l  
L=J
S1IM4=SUM4+DISTSQ(I/J)
0 L S Q M “ ( L ) = S U M 4 / ( K B )
D I F F H ( L ) = D L S < J M M ( L ) / ( ( N S E C ( J ) ) * 2 . )
D H A V E ( N H ) = D A V E ( I / J )
GO TO 14 
16 J N = J N + 1
K C = K C + 1  
M=J
5 U M 6 = S U M 6 + D I S T S G < I , J )
0LSCL.M(M)=SUM6/(KC)
D I F F L ( M ) = D L S Q L M ( M ) / ( ( N S E C ( J ) ) * 2 . )
D L A V E ( J N ) = D A V E ( I , J )
GO TO 14 
31 K N = K N + 1
K D = K D + 1  
N=J
S U M 8 = S U M 8 + D I S T S Q ( I , J )
D L S G G M ( N ) = S U M 8 / ( K D )
D I F F G ( N ) = D L S Q G M ( N ) / ( ( N S E C C J ) ) * 2 . )
D G A V E ( K N ) = O A V E ( I / J )
GO TO 14 
28 KE=KE«-1
K F = K F + 1  
K G = J
S U M 1 0 = S U H 1 0 + D I S T S Q ( I , J )
D L S Q P M ( K G ) = S U M 1 0 / ( K F )
D I F F P ( K G ) = 0 L S Q P M ( K G ) / ( ( N S E C ( J ) ) « 2 . )
D P A V E ( K E ) = D A V E ( I / J )
GO T 0 1 4 
71 KS= K S + 1
14 C O N T I N U E
15 C O N T I N U E
C D S A V E H = M E A N  OF BELOW 400M D I S T A N C S S / O M A V E M = M E A N  OF 400 TO 300 M
C DI S T A N C E S ;  DLAVE.M=MEAN OF 800 T O  1200 M 0 I S T A N C E S ; D G A V S M = M E A N  OF
C 1200 TO 1800 M DI S T A N C E S ;  D P A V E M =  MEAN O F  1800 TO 3000 M D I S T A N C E S ;
C D I F F S M / D I F F M M / D I F F L M / D I F F G M  AND D I F F P M  ARE R E S P E C T I V E  DIFF C O E F F . . .
SUM1=0.
C TY P E  * / K S / MM,NN,JN,.'CN,KE,MN
C PAUSE 4
C TY P E  * , D L A V E , D G A V E , D P A V E
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C P A U S E  5
D S A V E M = 0 .
IF(MM .EQ. 0 ) G Q  TO 51 
DO 18 1 = 1 / M M  
S U M 1 = S U V 1 + D S A V E ( I )
18 C O N T I N U E  
D S A V E M = ( S U M 1 / ( M V > ) * ( 0 . 0 1 )
51 S U M 3=0.
D H A V E M = 0 .
IF(NN .Eg. 0 )GO TO 52 
DO 19 1 = 1 / NN
S U M 3 = S U M 3 + D y A V E ( I )
19 C O N T I N U E  
D M A V E M = ( S U M 3 / ( N N ) ) * C 0 . 0 1 )
52 S U M 5 = 0 .
O L A V E M = 0 .
IF(JN .EQ. 0 ) G O  TO 53 
DO 20 1 = 1 / J N  
S U M 5 = S U M 5 + 0 L A V E ( I )
20 C O N T I N U E
D L A V E M = ( S U M 5 / (J N )) * ( 0 . 0 1 )
53 S U M 7 = 0 .
DG A V E M = 0 .
IF(KN .EQ. 0 )GO TO 54 
DO 32 1 = 1 , KN 
S U N 7 = S U M 7 + D G A V E ( I )
32 C O N T I N U E
D G A V E M = ( S U M 7 / ( K N ) ) * ( 0 . 0 1 )
54 S U M 9 = 0 .
D P A V E M = 0 .
I F ( K E  .EQ. 0 ) GO TO 62 
DO 63 1 = 1 , KE 
S U M 9 = S U M 9 + D P A V E ( I )
63 C O N T I N U E
D P A V E M = ( S U M 9 / ( K E ) ) * ( 0 . 0 1 )
62 MA=0
S U M S=0.
0 IFFSM=0.
DO 40 J = 1 , H N
I F ( D I F F S C J )  .EQ. 0 . )GO TO 40 
H A=N A + 1
S U M S = S U M S + D I F F S ( J )
DIFFSM=SU»»S/(MA)
40 C O N T I N U E
HB=0 
S U M M = 0 .
DI F F M M = 0 .
DO 42 J = 1 , M N
I F (D I F F M ( J )  .EQ. 0..)G0 TO 42 
M B = M B + l
S U M N = S U M M + D I F F M ( J )
D I F F M M = S U M M / ( M B )
42 ' C O N T I N U E
MC=0 
SU M L=0.
DI F F L M = 0 .
DO 44 J = 1 , M N
I F ( D I F F L C J )  .EQ. 0 ) G O  TO 44 
M C = V C + 1
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3 U H L = S U M L + D I F F L ( J )
D I F F L M = S U M L /  (M C )
44 C O N T I N U E
M D = 0
s n M C = o .
D I F F G M = 0 .
DO 46 J=1,MN
I F ( P I F F G ( J )  .EQ. O . I G O  TO 46 
MD=«D+1
S U M G = S U M G + D I F F G ( J )
D I F F G M = S U M G / ( V D )
46 C O N T I N U E
r1E = 0 
S U M P = 0 .
D I F F P M = 0 .
D O  64 J = 1 , M N
I F C D I F F P ( J )  .EQ. 0 . )GO TO 64 
M E = M E + 1
S U M P = S U y p + 0 l F F P ( J )
D I F F P M = S U M P / ( M E )
64 C O N T I N U E
T Y P E  21 
T Y P E  22 
T Y P E  2 3 , KS
T Y P E  81,DSAVS M , D I F F S M . , M M 
T Y P E  8 2 , D M A V E M , D I F F M M , N H  
T Y P E  8 3 , D L A V E M , D I F F L M , J N  
T Y P E  8 4 , D G A V E M , D I F F G M , X N  
T Y P E  8 5 , D P A V E M , D I F F P M , X E  
C F O R M A T  P A C X A G E
2 F O R M A T d X , ' T Y P E  IN T O T A L  N U M B E R  OF L I N E  E N T R I E S ' )
21 F O R  M A T ( 5 X , ' S C A L E - M E T E R S ' , S X , ' M E A N  S E P A R A T I O N - M E T E R S ' , 5 X ,  
2 'X - C H * 2 / S E C ' , S X , ' N O .  OF VAL U E S ' )
22 F O R M A T ! / )
23 F 0 R M A T ( 5 X , 9 H 8 E L 0 W  1 0 0 , 1 5 X , 5 H * * * * * , 2 0 X , 5 H « * * * * , 1 2 X , 12)
31 F Q R M A T ( 5 X , 1 0 H 1 0 0  TO 4 0 0 , 1 2 X , F 8 . 0 , 1 6 X , F I O . 1 , 1 0 X , 13 )
32 F O R M A T ( 5 X , 1 0 H 4 0 0  TO 8 0 0 , 1 2 X , F 8 . 0 , 16X,F10. 1 , 1 0 X , 12)
83 F O R M A T C 5 X , 1 1 H 8 0 0  TO 1 2 0 0 , 1 I X , F 8 . 0 , 1 6 X , F 1 0 . 1 , 1 0 X , 12)
84 F O R M A T ( 5 X , 1 2 H 1 2 0 0  TO 1 8 0 0 , 1 0 X , F 8 . 0 , 1 6 X , F 1 0 . 1 , 1 0 X , 12)
85 F O R M A T ( 5 X , 1 2 i l l 800 T O  3 0 0 0 , 1 0 X , F 8 . 0 , 1 6 X , F I O . 1 , 1 0 X ,  12)
G O  TO 29
.61 T Y P E  30
30 F O R M A T d X , ' V A L U E  G R E A T E R  T H A N  30 0 0  M  ')
29 C L Q S E C U N I T = 1 , F I L E = ' R U N 1 0 C . D A T ' )
S T O P
E N D
























C ((( P R O G R A M  D S Q T A . F O R  )))
D I M E N S I O N  N S S C ( 5 0 0 ) , T L A ( 1 0 0 0 ) , D S Q M ( 500),
3 T L O < 1 0 0 0 ) , I H O U R ( 1 0 0 0 ) , I.MIN(1 0 0 0 ) , D 1 S T ( 1 0 , 2 0 0 ) ,
4 D I 3 T S Q ( 1 0 , 2 0 0  ),TLA0 (1000 ),TLOD( 1000 ), B U O Y d O O O  ),
5 NCUM( 100 0 ) , 0  I F F ( 1 0 0 0 ) , D A V E ( 1 0 , 2 0 0 ) , D C U M ( 5 0 0 )
O P E N  (U N I T = 1 , F I L E = * R U N 6 A . D A T * )
T Y P E  2
A C C E P T  * , K T I M E S  
Of) 1 r = l , K T I M £ S
R E A D  (1,3) I H O U R ( I ) , I M I N ( I ) , 8 U G V ( I ) , T L A ( I ) , T L 0 ( I )
P R O G R A M  C A L C U L A T E S  MEA N  OF S Q U A R E  OF D I S T A N C E  D I F F E R E N C E  B ETWEEN 
BUOYS FOR E A C H  TIME I N T E R V A L ,  F O R  FI V E  B U O Y S ; A L S O  C U M U L A T I V E
T I M E  AND MEAN 30 DI S T  D I F F , A N D  D I F F  C O E F F ......
M E A N  DIS T  U N D E R  100M ARE NOT U S E D ......
USE F O R  RU N S  1, 2, 3, 4,6 A, 7 A, 7B, 8  A, 88, 9, 10 A, 10B, IOC, 11. .
(U S E  P R O G R A M  O S O T 3 . F O R  FOR FOUR 3 U O Y S , R U N S  5,68)
D A T A  I N PUT IS H O U R , M I N , B U O Y ( W I T H  ' S ’  F O R  C E N T E R  OF M A SS),
L A T  IN MIN N O R T H  OF 3 7 N , L 0 N G  IN MIN WE S T  OF 76- 
( E X C E P T  RU N S  4 , 5 , 6 B  N O R T H  OF 36 - 5 9 N )
IN F O L L O W I N G  F O R M A T : X X  XX X X X . X X X  X X . X X X  
F O R M A T ( 1 2 , 1 X , I 2 , 1 X , I 1 , 1 X , F 6 . 3 , 1 X , F 6 . 3 )
W R ITE (5,3) I H O U R ( I ) , I M I N ( I ) , B U O Y ( I ) , T L A ( I ) , T L Q ( I )
C O N T I N U E  
S T O P  
1 = 1 
J J = 1
T L A D ( 1 ) = A 3 S ( T L A ( I ) - T L A ( I + 1 ) )
T L A D ( 2 ) = A B S ( T L A ( I + l ) - T L A ( I + 2 ) )
TL A D ( 3  ) =APS( TLA( I•*•2 )-TLA( 1+3 ) )
T L A D ( 4 ) = A B 3 ( T L A ( I + 3 ) - T L A ( I + 4 ) )
T L A D ( 5 ) = A B S ( T L A ( I + 4 ) - T L A ( I ) )
T L A D ( 6 ) = A B S ( T L A ( I ) - T L A ( 1+2))
“L A D ( 7 ) = A B S ( T L A ( I ) - T L A ( £+3))
T L A D ( 8 ) = A B S ( T L A ( I + l ) - T L A ( I + 3 ) )
T L A D ( 9 ) = A 3 S ( T L A ( I + l ) - T L A ( I + 4 ) )
T L A D ( 1 0 ) = A B S ( T L A ( I + 2 ) - T L A ( I + 4 ) )
T L O D ( l ) = A B S ( T L O ( I ) - T L O ( I + l ))
T L O D ( 2 ) = A 9 S ( T L O ( I + l ) - T L Q ( 1+2) )
T L O D ( 3 ) = A B S ( T L O ( I + 2 ) - T L O ( 1+3))
T L 0 D ( 4 ) = A P S ( T L 0 ( I + 3 ) - T L O ( I +4))
T L O D ( 5 ) = A B S ( T L Q { I + 4 ) - T L O ( I ) )
T L Q D ( 6 ) = A 8 S ( T L Q ( I ) - T L 0 ( 1+2))
T L 0 D ( 7 ) = A 8 S ( T L 0 ( I ) - T L 0 ( I + 3 ) )
T L O D ( 8 ) = A B S ( T L 0 ( I + l ) - T L 0 ( I + 3 ) )
T L O D ( 9 ) = A B S ( T L O ( I + l ) - T L O ( I + 4 ) )
T L O D ( 1 0 ) = A B S ( T L O ( I + 2 ) - T L O ( I + 4 ) )
DO 5 L = l , 10
D I S T ( L , J J ) = S Q R T ( ( T L A D ( L ) * 1 8 4 9 6 0 . ) * * 2 . +
2 ( T L 0 D ( L ) * 1 4 8 2 7 5 . ) * * 2 . )
AB OVE C A L C U L A T E S  D I S T A N C E  3 E T W E E N  3 U 0 Y S . . . . I N  CM...
C O N T I N U E  
J J = J J + 1  
1 = 1+6
IF* (I .GT. K T I M E S ) G 0  TO 8 
GO TO 24 
JK= 1
T Y P E  * , DIST 
PAU S E  1 
25 DO 7 1=1,10
C C A L C U L A T E  S Q U A R E  OF D I S T A N C E  D I F F E R E N C E . . . .
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D I S T S Q ( I , J K ) = ( D I S T ( I , J K + 1 ) - D I S T ( I , J K ) ) * * 2 .
7 C O N T I N U E
J K = J K + 1  
N 0 X = K T I M E S / 6 .
TF (JK .EQ. N O X ) G O  TO 26 
GO TO 25
C C O N V E R T  M I L I T A R Y  TIME TO S E C O N D S ......
26 X L = 1
M N = N O X - l .
C T Y P E  *,MN
C P A U S E  2
DO 11 1= 1 , MH
N S E C ( I ) = ( ( ( I H O U R ( X L + 6 ) ) * 3 6 O 0 . ) « - < ( I M I N ( K L + 6 ) ) * 6 O . ) )
2 -( ( ( IHOtJR(KL ) ) *3600. ) ♦ ( (IMIM(KL) ) * 6 0 . ) }
K L = K L  + 6
11 C O N T I N U E
C C A L C U L A T E  M E A N  DIS T A N C E  BETWEEN BUOYS,
C M E A N  SQ D I S T  DI F F  AND DIFF C O E F F ..........
X K = 1
8 D O  9 1=1,10 
D A V E ( I , K K ) = ( D I S T ( I , K K + 1 ) + D I S T ( I , K K  ))/2.
9 C O N T I N U E  
K K = K K + 1
IF ( XX .EG. NOX ) GO T O  10 
GO TO 3
10 C O N T I N U E  
A = 1 0 0 0 0 .
DO  15 J = 1 , H N  
K A = 0  
3 U M = 0 .
DO 16 1=1,10
IF ( D A V E (I , J ) .LE. A ) GO TO 16 
S U M = S U M  + D I S T S Q I I , J )
K A = K A + 1
K =J
D S Q M ( K ) = S U M / ( K A )
D I F F ( K ) = O S a M ( K ) / ( ( N S E C ( K ) ) * 2 . )
16 C O N T I N U E
15 C O N T I N U E
C C A L C  C U M U L A T I V E  TIME AND MEAN SQ D I S T  DIFF . . . .
D C U M ( l ) = D S Q M ( l )
N C U M ( 1 ) = N S E C (1)
D O  17 L = 2 , K N
D C U M ( L ) = D C U M ( L - 1 )  -*■ DSQM(L)
N C U M ( L )  = S C U M ( L - l )  *  NSEC(L)
17 C O N T I N U E
C T Y P E  * , NSEC
C P A U S E  6
T Y P E  31 
T Y P E  32 
DO 37 1 = 1 , MN
> i R I T E ( 5 , 3 3 ) ( D S Q M ( I ) , D C U M < I )  ,NSEC (I),NCUM(I),DIFF(I)') 
33 F O R M A T ( 1 7 X , E 1 0 . 5 , 1 2 X , E 1 0 . 5 , 5 X , I 1 0 , 1 0 X , I 1 0 , 5 X , F 1 0 .  1)
37 C O N T I N U E
C F O R M A T  P A C K A G E
2 F O R M A T ( I X , ' T Y P E  IN TOTAL NUMBER OF L I M E  E N T R IES*)
31 F O H M A T C 5 X , ' M E A N  SQUARE DIST DIFF - Ch * 2 ' , 1 0 X ,
2 ' C U M * , 5 X , ' T I M E  INTERVAL - 3EC',10X,
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3 'CU»»',5X/ 'K - C V * 2 / S E C ' )
32 F O R M A T (/)
29 C L 0 S E ( U N I T = 1 /FILE:='RUM6A.0A7*)
ST O P  
END
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